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PEBFACE. 

The gas engine is being rapidly adopted 
in increasing numbers for all uses for which 
the steam engine was onee regarded as the 
only practical andl profitable prime mover, 
but the amount of information possessed by 
the general public on the subject of gas en- 
gines is surprisingly small. And as the gas 
engine does not usually become a menace 
to life and property when unintelligently 
handled, it is often the case that the oper- 
ator does not feel the necessity of having a 
full understanding of his engine. And even 
if he is ambitious to secure suoh knowledge, 
where is he to get it ? There is on the mar- 
ket a coffifiidemble number of books which 
are devoted to the subject of gas engines. 
Some of these are mainly explanations of 
various makes of engines, no one engine re- 
ceiving very much attention. Others of the 
books are devoted to the methods of con- 
structing gas engines. Noine of them de- 
vote more than a few chapters to the care 
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of the engine or the difficulties which may 
be encountered in its operation. 

This book has been prepaqred to meet just 
such a purpose. It has not been intended 
to be a guide in the design of an engine, 
nor has it been desired or found possible to 
give intricate explanations of any particular 
makes of engines. It has been intended to 
help the gas engine operator to help him- 
self, to aid him in learning why the engine 
does not give proper results under certain 
conditions. In short, it has been the aim 
to assist him in studying his engine and to 
gain an intelligent knowledge of it, which 
will permit him to secure the best results 
with a minimum amount of care ajid at- 
tention. 

Most of the material in the book ap- 
peared in a series of articles published in 
The Gas Engine, but it has been gone over 
carefully and some chajigeis made, as well 
as a number of illustrations added. 

Albert Stritmatter. 

Columbus, Ohio. 
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I. 

GASOLIiYE FEED SUPPLY. 

In an article published in one of 
the magazines on the subject of ma- 
chine tools, it is explained that the 
hand of man can not make two things ex- 
actly alike, but man can make lathes, mill- 
ing machines, planers, etc., which can work 
at high rates of speed on the hardest mater- 
ials, producing the most diflScult and intri- 
cate shapes with such accuracy that any one 
piece of a certain type of machine will fit 
exactly into a definite position on any one 
or all of thousands of those machines. It 
has only been since the advance which the 
United States has made in the interohange- 
abiJity of parts that we have become the 
leading machinery country of the world. The 
delicate mjachines of all kinds which we 
now produce are possible, especially at the 



comparatively low prices at which they are 
sold las compared with their cost when 
made by hand labor alone, only by the ma- 
chines which produce large numbers of 
parts exactly alike, and to a certain ex- 
tent, automatically. In some cases these 
parts do not vary from each other by a 
thousandth of an inch. Such is the case 
in the bore of our large coast defense guns, 
and many of these vary much less than 
the amount given. 

But of all the machines which have been 
advanced by the progress in machine tools, 
perhaps none has advanced more rapidly or 
been due more entirely to such tools than 
the modem gas engine. For a great many 
years these machines have been covered with 
very delicate and intricate mechanisms for 
operating the governor, valves, etc. It used 
to be necessary to use these intricate parts in 
order to get the machines to run at all. And, 
indeed, it is surprising that many of them 
ran even then. Many of our gas engines 
which are made today are perplexing to 
even the well informed gas engine operator 
on account of the multiplicity of their parts. 
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In looking over some of the old types and 
even some of the more intricate of the mod- 
em machines, one is impressed with the fact 
that only with very good machine tools 
could such machines be made to operate sue- 
cessfnlly. 

But in the last few years quite an advance 
has been made toward the simplification of 
gas and gasoline engines. Manufacturers 
are continually striving to find out how to 
drop this or that lever or spring, how to get 
along without that gear, how to make that 
curved piece straight and this at a less ex- 
pense, etc. Why is this ? There are two rea- 
sons. One, of course, is to reduce the cost 
of the machine, for, other things being equal, 
the cheapest machine is the one that sells 
most readily. But there is another reason 
which is as important, if not more so, than 
the element of cost of manufacture. It is 
that the simpler the engine is, the more eas- 
ily is it understood and operated and the 
less trouble does it give. When a purchaser 
has paid for his engine he sometimes thinks 
that the manufacturer has no more interest 
in its successful operation. This is not so, 
for every manufacturer who expects to stay 
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in business depends on his machines as the 
best possible source of advertising. One 
concern I know of sends to each of its cus- 
tomers after having the engine for several 
months, a letter asking what success the user 
is having and asking as a favor if at any 
time difficulties are encountered that they 
be informed of the nature of them, so that 
immediate steps can be taken to remedy the 
trouble. The manufacturer, then, knows 
that the less trouble his machines give, the 
more successful they will be and the sales 
and profits for his concern will be greater. 
Much has already been done to eradicate 
troubles with gas and gasoline engines, but 
much remains to be done. While in some 
sections they are regarded almost unani- 
mously afi the ideal power of the future, 
in other sections of the country they are 
regarded as absolute failures owing to one 
or two failures in that locality. And as 
bad news travels faster and is exaggerated 
more than good news, the failures are 
more broadly known than the successes. 
It may be profitable, therefore, to study 
some of the causes of trouble with these 



machines which are admitted by all vipers to 
give efficient power at a low cost when they 
do run successfully. Troubles which have 
been encountered by others may teach u^ 
many a lesson and are perhaps more easily 
recalled in moments of trouble than abstract 
accounts. That is the reason why the para- 
ble has always been a successful methoidi of 
teaching. 

In the first place, no one should under- 
take to operate a gas or gasoline engine 
without studying it and giving it attention. 
When it has just been received from the fac- 
tory it is presumably in successful working 
order, as all manufacturers run their en- 
gines on the testing block before shipping. 
It will, therefore, be of inestimable value to 
the operator of an engine with which he is 
unfamiliar to stand by it for hours and 
study every part and endeavor to learn why 
each part moves as it does and what would 
happen if it did not, or if it should wear 
on the end of the bearing, etc. In this way 
he learns to know how the pairts should op- 
erate and as soon as wear occurs, and it will 
of course occur at some time, he notices the 



different results and knows how to make 
«liglit adjustments. 

One of the troubles frequently met with 
by users of gasoline engines is the difficulty 
in keeping a proper supply of gasoline up 
to the engine. In case an engine stops and 
the difficulty is suspected to be in the gaso- 
line supply, the first thing to do is to see if 
there is gasoline at the engine feed. These 
feeds are usually so arranged that this can 
easily be done. If there is no gasoline there, 
it may be due to one of several causes, or 
to a combination of them. First, there may 
be no gasoline in the supply tank. This may 
seem a ridiculous difficulty to one who has 
not encountered it, but there are many cases 
on record where experts have been sent many 
miles to locate troubles with gasoline engines 
when the lack of a supply of fuel was the 
only difficulty. Quite recently I read an 
account of a case where a machinist had in- 
stalled an engine and several weeks later he 
was summoned to locate the trouble which 
was being had. He went to the place and 
the very first thing he did was to inquire if 
they had purchased any gasoline since ho 
had installed the engine. Then it dawned 



upon tbe parties that this had been neglect- 
ed, and after a fresh supply was fuimished 
to the engine it ran off as merrily as ever. 
In another case an engine was used in a 
foundry for running the fans which fur- 
nished the blast for the cupola. In the mid- 
dle of a "heat^^ the engine stopped and re- 
sisted all efforts to make it run. As the 
iron was fast cooling in the cupola, the only 
thing to do was to run it out into a large 
hole in the foundry floor in order to save 
the cupola. On the following day an ex- 
pert arrived in response to a telegram and 
found the only thing wrong was that the 
supply tank was empty. In this instance 
the loss occasioned by this neglect was very 
great, for not only was the time lost, but 
there was a large amount of iron poured out 
on to the foundry floor, which it would cost 
a good deal to break up for use as scrap. 

But if there is a supply in the tank, there 
are other places where the diflSculty may be. 
There may not have been placed at the tank 
a check valve, and one nean* the gasoline 
pump. Dirt or sediment may have gotten 
into the check valves and thus they may not 
be seating properly, which would allow the 
I 



gattoline to flow back to the tank. The suc- 
tion pipe line may not be tight. When this 
pipe is put up it should be tested thoroughly 
to see that there are no air leaks in it, for 
if bubbles of air work into the pipe they will 
cause the pump to lose its priming and thus 
render the supply of fuel iTregular. The 
joints of the pipe should always be put to- 
gether with soap, not white or red lead which 
the gasoline eats out rapidly. 

Perhaps the pump may need repacking. 
Several months ago I knew a man to be 
sent across two large states to locate trouble 
with a 30-hoTsepower engine. When he got 
there he found all that was causing the diffi- 
culty was that the packing of the pump need- 
ed renewing. When this was attended to, 
the engine gave no trouble whatever. 

One trouble which is often met in gasoline 
feeds is that the supply tank is placed too 
far from the engine, either vertically or hori- 
zontally. Gasoline suction poimps will not 
work under heavy strains because the gaso- 
llne tends to vaporize under the suction. 
Most engines are fitted with pumps which 
are intended to lift the gasoline not over 
six feet vertically, and, if to pull that height, 
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not over 15 or 20 feet horizontally. But if 
the vertical lift is not over two or three feet, 
the horizontal pull can be made as much as 
35 to 50 feet and even farther. The kind 
of pump and other such circumstances 
should alvmys be considered. Where it is 
found necessary to have a vertical or hori- 
zontal lift which is too great for the pump, 
a separate pump must be placed near the 
tank to act as a force pump. 

Sometimes, however, there may be gaso- 
line in the feed box and yet the engine will 
not get a supply of fuel. This may be duo 
to dirt in the passages of the feed mechan- 
ism, or some part of it may be out of ad- 
justment. Some of these feeds are simple, 
others intricate. In either case they nrust be 
studied and understood by the operator so 
that any trouble nrhich may occur with that 
particular t3rpe can be located and reme- 
died quickly. 

Still another cause of tirouble is water iu 
the gasoline. This is very hard to detect 
unless one has had experience with it. A 
pretty good indication of it, however, is 
shown by its inclination to '^curF^ or form 



globules. If pure gasoline is spattered with 
the finger from the feed box or some other 
vessel on to a piece of metal, it will spread 
out smoothly all over it. If there is water 
in ity however^ theire will be little globules 
run around the same as mercury does when 
spattered on to anything. Take some pure 
gasoline and try it. Then mix some water 
with it and try again, and you will see the 
difference. Water in gasoline is fatal to 
the operation of an engine and every pre- 
caution must be taken to a^roid it. Not that 
any serious results with it will occur, other 
than that the engine will stop, but it is a 
continual source of annoyance and lose of 
time. 

Often the check valves are taken out for 
some purpose or other and when put back 
are put in backwards, so that, of course, they 
will not allow gasoline to be pumped to the 
engine cylinder. 

Ordinarily it is best not to attempt to 
"fix" something which seems to be wrong 
unless you know whiat you are doing or 
have consulted the manufacturer about it. 
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One user of an engine complained that 
his eingine used too much gasoline, about 
three and a half times as much as the man- 
ufacturers claimed was necessary. The 
makers of the engine even went so far as 
to test an engine of that same size and see 
how much gasoline they could push 
through it and allow the engine to pull 
its load. They found that the very 
largest quantity that they could force 
through the engine was not quite three 
times as much as was necessary. They there- 
fore seriously doubted the user^s statemenig 
that the least he could use was three and a 
half times what they recommended. In 
many cases the difficiulty is really a 
leaky gasoline tank, so that the engine 
is blamed for using a lai^e amount 
of gasoline that never reaches it. In 
this ease, however, the cause was a 
different one. The manufaoturers finally 
sent a man and found that the people had 
increased the length of the hollow plug 
which regulated the amoimt of fuel it was 
possible to use. The expert cut off the extra 
half inch which had been added, screwed the 
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plug down, made a test of the consumption 
and showed that the engine used only a prop- 
er amount. 

Another thing necessary to proper and 
regular fuel supply, as well as for safety, 
is that the overflow from the engine to the 
tank be plenty large enough. The pipe 
should pitch toward the tank, and at no 
point should it be higher than any other 
point between that and the engine. If this 
is not done, there will be danger of flooding 
the engine and causing high fuel consump- 
tion with accordingly decreased power. Fur- 
thermore, there will be danger of explosions 
of gasoline outside of the engine and re- 
sulting fires. If the gasoline apparatus is 
properly installed there will be no danger 
whatever from fire. The overflow pipe 
should have a check valve in it near the tank, 
so placed that in flUing the tank the gasoline 
can not possibly back up into the engine. 

The question of the gasoline feed supply 
can not be too carefully understood and 
attended to. On the proper instalMion and 
adjuistment of the various parts depends to 
a very large extent the amount of the fuel 
consumfption, and as the fuel bill has to be 
13 



paid right along, it is well to reduce it as 
law as it possibly can be done. 

In later chapters will be considered the 
effect of too much or too little fuel on the 
power developed and as related to other parts 
of the engine. 
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II. 

STAKTING. 

In the previous chapter attention was 
called to the necessity of the gasoline en- 
gine operator thoroughly understanding 
the installation and operation of the gaso- 
line supply, such understanding being es- 
sential to the successful operation of his 
engine. This is necessary, not only in or- 
der to keep the engine running properly 
while it is in proper condition, but also 
in order that he may locate any troubles 
which may arise in the future. Gasoline 
engines, like watches, are largely automat- 
ic, but there is no machine made which 
does. not need some attention and which 
will not require intelligent attention when 
troubles arise from wear, etc. No one 
would think of putting his watch in the 
hands of any one but a watchmaker for 
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repairs. A gasoline engine, likewise, 
should not be entrusted to the care of one 
who knows nothing about it, or at least is 
not willing to study it while it is in good 
running order, that he may know what to 
do when difficulties arise. 

Manufacturers of gas and gasoline en- 
gines frequently receive letters from their 
customers stating that they have tried in 
vain for several hours to start their en- 
gines with nothing apparently wrong, that 
sometimes the engine starts on the first at- 
tempt, and at other times refuses to do so 
for hours, and then, without anything hav- 
ing been done to it, it starts off all of a 
sudden. Many operators are almost will- 
ing to swear that some stubborn ghost or 
evil spirit has taken hold of the engine. 
And yet the solution of this question is a 
simple one. 

Everyone knows that for gas or gasoline 
to bum, oxygen or air must be present. We 
also know that if we have a small si^mount 
of gas or gasoline vapor mixed with a very 
large amount of air, it will not burn. On 
the contrary, if we have a large amount 
of gas or gasoline in an air-tight compart- 
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ment and then inject a very small quan- 
tity of air, this mixture al&o will not 
burn. In other words, there must be a cer- 
tain proportion of air to gas or gasoline in 
order to permit of combustion. Experi- 
ments show that while gas or gasoline will 
bum when mixed with varying quantities 
of air within certain ranges, chere is for 
each gas a certain proportion of air which 
gives the greatest explosive effect or the 
greatest pressure. This proportion varies 
according to the number of heat units of 
the gas or gasoline vapor, also with the 
pressure of the air. 

Suppose that we attempt to start.an en- 
gine and use a certain priming charge 
which happens to give a proper mixture in 
the cylinder. The engine starts off at once. 
Perhaps the next time we try to start the 
engine Ave do not use as much gasoline 
for the priming charge, and it fails to ig- 
nite, and the engine does not start. Ot, 
on the other hand, we may use too large 
a charge and the engine fails to start be- 
cause the mixture is too rich to ignite. It 
is necessary, therefore, to learn by experi- 
ence about what sized priming charge to 
17 



use. One mistake commonly made is, if 
an engine fails to start on the first attempt, 
immediately to put in another charge and 
try again. As the first charge is still ir 
the cylinder the addition of a second or 
following charges simply floods the cylin- 
der, making it impossible for the charges 
to ignite. When the first charge does not 
explode, always open the valves or relief 
cocks and turn the engine over idle to blow 
out the charge. Then start over again. 
The failure to do this accounts for many 
of the vain attempts to start an engine, last- 
ing several hours. 

But perhaps some day we shut the en- 
gine down for a few minutes for some 
cause or other and when we try to start 
again can not do so. I recently learned 
of a case where a prospective buyer of an 
engine went to see a certain make. He 
made inquiries of the owner as to whether 
or not it was easy to start it. "Oh, yes," 
said the owner, "it doesn't take a minute. 
I'll shut her down and show you how easy 
it is. I never miss starting the first time." 
But, alas, when he tried to start it he 
couldn't do it for the life of him ! A fine 
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recommendation for the engine. And it 
was all due to the fact that the operator 
failed to understand the questions which 
we have just been considering. 

In the morning when he started the en- 
gine he used a certain sized priming 
charge. When this wae iflrawn into the 
cylinder the cool walls condensed a portion 
of it, but enough was left in suspense with 
the air in the cylinder to make an explo- 
sive mixture and to ignite from the spark. 
When he shut down his engine and at- 
tempted to start, however, the cylinder was 
very hot. He used the usual size priming 
charge, but as the walls of the cylinder 
were hot, none of the charge was con- 
densed and all was vaporized, making the 
mixture too rich to explode. If he had 
used about half the usual sized charsrc 
there would have been no difficulty. 

The^e is also a contrary condition. Sup- 
pose that this same man attempted to start 
up some very cold morning and used the 
same sized charge that he had been accus- 
tomed to in moderate ^veather. The cyl- 
inder being exceedingly cold would con- 
dense practically all of the charge, and 

20 



there would be too little left in suspense 
with the air to ignite. Many a man has, 
und^r such conditions, telegraphed to the 
factory to send a man, as he could not 
start the engine. It would have been cheap- 
er and saved much time if ho had simply 
used labout double the usual quantity of 
gasoline for his priming charge. 

I imagine some of my readers are say- 
ing: "Well, why in the world doesn't the 
manufacturer tell us this in his instruction 
book ?" Are you quite sure that he doesn't ? 
T have not seen the instruction books of all 
manufacturers of gas engines, but I have 
known of some gas engine operators who 
had the very difficulties against which 
their instruction books cautioned them spe- 
cifically. Possibly they had read the books 
when first received, and had laid them 
aside never looking at them again. You 
can not afford not to read your instructions 
over and over. It is never too late to learn 
something about the engine, and you can 
not expect to absorb all there is in the 
book on the first reading or two, especial- 
ly if you are not familiar with this par- 
ticular make of engine. Besides this, it 
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will save you much time and money some 
day when trouble comes, and you are too 
busy or "rattled" to spend much time hunt- 
ing in your instruction book (if you can 
find it) for a possible remedy. 

One of the loudly proclaimed virtues 
of a gas and gasoline engine is that it is 
easy to start at a moment's notice. It can 
be started without waiting to get up steiam, 
and can be stopped at any time for a few 
minutes or for hours, the expense stopping 
at once, and it can then be started again 
when needed. This is indeed a valuable 
feature in any internal combustion engine 
and yet dt is not too much to say that there 
are great numbers of them which do not 
actually possess this desirable feature. 
Why ? In many cases it is due to improper 
construction of the engine. But where the 
engine is all right it is invariably due to 
the lack of an understanding on the part 
of the operator as to what actually happens 
in the process of starting an engine. Many 
an operator goes through the process of 
starting his engine just as a parrot does his 
set phrases. If you ask the parrot a ques- 
tion he can not answer it except as he may 

22 



squawk off some set phrase which he hits 
upon by chance. Many a gas engine op- 
erator on being asked why he does this or 
that to start the engine, simply answers: 
^'Oh, that 's what you have to do. I don't 
know why, but you have to, that's all." 

He is like a firm who were having 
trouble with an engine which they had 
purchased through a local man who knew 
no more about it than they did themselves, 
but who had made them believe he knew 
it all. The manufacturer wrote to them, 
asking how the engine worked, wherein it 
seemed not to be doing as it should, and 
so on. The reply which came back was sig- 
nificant and typical of many a gas engine 
operator : 

"As to the engine, we know nothing 
about it. We leave that all to Mr. Rich- 
ards, of whom we got it. We never 
do anything to it except to fill up the oil 
cups." 

These people had as specific instructions 
as it is possible to put in the form of print- 
ed matter. They did not even have the 
curiosity to learn whether the engine was 
giving trouble because of failure to com- 
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press, ignite or what. All they knew was 
chat it did not do the work, and all they 
did about it was ^^to fill up the oil cups." 
They are, as before stated, typical of many 
gas engine operators. 

Bnt the matter of proportion of gas or 
gasoline to air affects the consumption of 
fuel and the power developed by an engine, 
as well as the starting of it. This is a 
very important matter and will be consid- 
ered in the next chapter. 
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III. 

FUEL (CONSUMPTION. 

Why is it that one man with a certain 
size of standard make of engine is well 
pleased with the power it develops and the 
low fuel consumption, while another man 
with the same make and size of engine de- 
clares that the engine does not develop 
the power at which it was sold, and that 
it uses much more fuel than it was repre- 
sented to him would be used? The en- 
gines are the same size and make, yet one 
may be developing half the power of the 
other, but with twice as great a fuel con- 
sumption. The power developed and the 
fuel consumption may, at first thought, ap- 
pear to be only distantly connected, or if 
connected at all the connection may be ex- 
pressed by "more fuel, more power." Right 
here is one of the stumbling blocks of the 
inexperienced operator of a gas engine. 
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What more natural thing in the world than 
to give the engine a little more fuel when 
you see the load is too heavy for the en- 
gine and it is beginning to slow down? 

But let us consider for a few moments 
how a gas engine operates. In the previous 
chapter attention was called to the fact that 
the gas or gasoline and air must be mixed 
in certain proportions in order to ignite 
at all, and in one certain or definite pro- 
portion to give the greatest possible power 
or explosive pressure. Roughly speaking, 
about one volume of gas to seven of air 
is found to give the best results, although 
this depends on the quality of the gas. For 
economical fuel consumption, then, we 
must have this mixture at each explosion. 

At this point enters the question of throt- 
tling and hit-and-miss engines. With the 
latter type the mixture of fuel always re- 
mains the same, and when the engine gets 
above speed one or more charges are "cut 
out" until the speed drops to or below the 
normal, when another charge is taken. 
In this way the greatest possible pressure 
is secured from each charge, which is 
taken in. With the throttling engine 
20 



there are two types. In both, the inten- 
tion is to take an" impulse at every oppor- 
tunity, i. e., on every revolution or every 
other one according as it is a two or four- 
cycle engine. If the speed gets above the 
normal the charge is decreased in size so 
as not to give as strong an impulse to the 
piston. In one type, however, the mixture 
remains the same, that is, the proportion 
of air and gas is the same, the *size of the 
charge being diminished. However, as 
the charge is decreased, the compression 
is less, and therefore the explosive pres- 
sure is not so high. With the other type 
of throttling or graduated charge engine 
the amount of air for a charge remains tlie 
same, but the amount of gas or gasoline 
is graduated; ' ' This, as will be seen, at once 
destroys the ratio of the mixture at which 
the greatest force is derived, and therefore 
causes increased fuel consumption, because 
the maximum possible power is not se- 
cured from the fuel used. Further than 
this, if the speed gets too high, the amount 
of gas or gasoline admitted to the cylinder 
is made very small. When the ratio of 
gas to air gets beyond a certain limit, say 
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i of gas to 15 of air, the charge fails to 
explode, and the fuel is therefore exhaust- 
ed, unignited, and is wasted. To remedy 
this waste, the manufacturer of such an en- 
gine resorts to cutting out the charge after 
reaching a certain limit, but in so doing 
he adopts the hit-and-miss principle, which 
he otherwise condemns. 

Taking a hit-and-miss engine, however, 
and having a proper mixture to give the 
greatest power, suppose the engine stalls 
and we want more power. If we give it a 
large-sized charge we at once destroy the 
ratio that gives the greatest force, and we 
therefore get less instead of more power 
from the charge. If, on the other hand, 
we decrease the amount of fuel, we like- 
wise decrease the proper ratio s^d also get 
less power. Getting less power from each 
charge, it is necessary for the engine to 
take more frequent charges in order to 
maintain the speed. We therefore have 
the unlooked for, but perfectly natural, 
result of using more fuel and getting less 
power. 

Suppose we have a throttling engine of 
the type which keeps the ratio of gas or 
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gasoline to air the same and regulates the 
speed by decreasing the size of the charge, 
or increasing it. Suppose the engine is so 
adjusted that the most advantageous ratio 
is not secured. At once the power from 
each charge is decreased, and more of the 
large-sized charges will, therefore, be 
taken, resulting in increased fuel consump- 
tion to maintain the load and speed. 

It will thus be seen that no matter what 
kind of an engine we have, there is a pos- 
sibility of getting the charges too rich, 
and in the hit-and-miss type of getting 
them too weak, either of which means a 
higher consumption of fuel for a given 
load and speed than would be necessary if 
the proper adjustments were made. 

Granting this, how are we to know when 
we have secured the adjustment which 
gives the best results? By watching the 
results is the best way. The perfect mix- 
ture will give perfect combustion. Per- 
fect combustion gives a clear exhaust. 
Whenever a gas or gasoline engine gives a 
smoky exhaust it is due to one of two 
things. First, too much fuel may have 
been supplied the engine, resulting in im- 
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perfect combustion. Second, too much lu- 
bricating oil may have been fed, the sur- 
plus not used in lubricating the cylinder 
being burned and making a simoky ex- 
haust, as well as clogging and gumming up 
the piston rings, exhaust ports, exhaust 
valve, stem, and so on. If you have a 
smoky exhaust, therefore, look first at your 
lubricator and if, after cutting down the 
supply of oil, the smoke does not stop, look 
at your fuel valve. If the condition is due 
to too much lubricating oil and has ex- 
isted for some time, it may take several 
days to overcome the smoking, as the oil, 
which has been deposited in the exhaust 
passages, may be several days getting 
burned out. 

Another way to tell whether you are 
using too much fuel is to note your fuel 
bills for each month and compare them 
with each other. Of course, in a place 
where the load is quite variable, this can- 
not be done successfully. But even then 
you can generally tell whether your load 
for one month has been very much more 
or less than the previous month. Bear this 
in mind and determine in the best way you 
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oan about how one month compares with 
another, and then compare the fuel bills. 
If one bill is very much larger than an- 
other and the load has been approximately 
the same, probably there has been some 
waste of fuel. 

There is one very good way in which 
to secure fuel economy if you are hiring 
a man to take care of your engine and if 
your load is approximately the same right 
along. Suppose your fuel bill has been 
running about $20 per month. If, by any 
means, you could get it down to $10 per 
month or less, would it not be worth while 
for you to pay your engineer a few dollars 
more per month ? Tell him that if he can 
get the cost of fuel per month under $20 
you will give him half what he saves. It 
will surprise you what the result will be. 
He will study the engine as he never did 
before. He will see where this piece is 
out of adjustment, or that piece is worn 
out, or the battery is weak and fails to ig- 
nite every charge, and so on. He will keep 
the engine clean and in nice shape, know- 
ing that everything counts in lowering the 
consumption, and that of every dollar 
saved half will be his. 
31 



It must not be understood, however, that 
high fuel consumption is due entirely to 
improper regulation of the fuel valve. 
If the engine fails to ignite a charge be- 
cause of weakness of the battery or fail- 
ure of the igniter to work at the proper in- 
stant, the charge is exhausted unexploded. 
This of course increases the consumption 
because more charges are taken and some 
of them are not exploded in the cylinder. 
These unignited charges which are ex- 
hausted remain in the exhaust pipe, and 
as soon as the next charge, which is ig- 
nited, is exhausted, the hot flame ignites 
the charge in the pipe, causing an explo- 
sion which is often regarded as dangerous 
by persons near. As the exhaust pipe, how- 
ever, is always as strong as the engine cyl- 
inder, it is ample to contain these pipe ex- 
plosions, which usually result in nothing 
but a little scare and increased consump- 
tion of fuel. 

Furthermore, a bad exhaust system may 
produce this increase in consumption. If, 
for any reason, the burned gases can not 
readily escape from the cylinder there re- 
sults considerable back pressure with an 
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excessively large amount of these gases re- 
maining in the cylinder. The result is 
that the incoming charges are so polluted 
by the burned gases as to des-troy their 
effectiveness. Sometimes this occurs to 
such an extent that the charges fail to ig- 
nite at all. Ordinarily, however, it sim- 
ply results in lees power developed and 
more fuel used. 

High fuel consumption, then, may mean 
that the igniter is in need of attention, 
or that the exhaust system is defective, as 
well as that the fuel valve may be improp- 
erly adjusted. Each particular part must 
be carefully examined, and the defect, 
wherever it exists, located and remedied. 

Referring again to the question of throt- 
tling and hit-and-miss engines, which is 
the better? This is largely a matter of 
personal opinion, and it is practically im- 
possible to answer the question to the sat- 
isfaction of everyone. A great deal de- 
pends on the conditions under which the 
engine is installed. Manufacturers of hit- 
and-miss engines claim that the consump- 
tion of the throttling engine is enormous. 
Their competitors claim that the variation 
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in speed of a hit-and-miss engine is 
likewise enormous. Both deny the claims 
made against their own engines. As a 
matter of fact, a great many hit-and-miss 
engines are doing electric light and other 
work requiring a very close r^ulation, 
and are doing it satisfactorily. On the 
other hand, some gasoline engines of the 
throttling type have a very satisfactory 
consumption. It is all the more difficult 
to decide the matter from the statements 
of some engine operators, because if one 
man says his speed is very irregular, or 
another his consumption is very high, how 
are we to know whether or not they have 
their engines in proper adjustment to se- 
cure the best results ? Might not better re- 
sults be secured if some one else were in 
charge of the engines ? 

Eternal vigilance is the price to be paid 
for some things besides liberty. It cer- 
tainly is the price that must be paid by 
all business men in the period of competi- 
tion now existing. The power plant is one 
of the fixed charges which every fac- 
tory of any size, or any building devoted 
tx) office purposes, must endure. It may 
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be regarded as a necessary evil, but it is 
there and the best thing to do is to make 
it cost as little as possible. Constant study 
and effort to reduce the daily cost of opera- 
tion is one of the ways .to reduce the fixed 
cost of the power plant. We have seen 
how, with a gas or gasoline engine, we can 
in some measure accomplish this resuk. 



35 



IV. 
IGNITION. 

Among the various parts of the gas or 
gasoline engine, none is more important 
than the igniter, which is frequently re- 
ferred to as the soul of the engine. Of all 
the troubles met with in gas engines, I be- 
lieve far the greater portion of them is 
due to the ignition, either directly or indi- 
rectly. Much of this has been due in the 
past to complicated mechanisms which re- 
quired very fine adjustment, while a great 
deal has also been due to the lack of a 
realization on the part of the operator that 
the fuel consumption, the power devel- 
oped, and the life and satisfactory service 
of the engine depended to a very large ex- 
tent on the proper ignition of the explo- 
sive charge. * 

In considering this subject of ignition, 
it may be w<?ll to recall various methods 
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of ignitioa in gas and gasoline engines. 
First may be mentioned the Otto slide 
valve type, familiar to all old-time gas- 
engine men. Then there is the hot tube 
igniter, the electric igniter, and the meth- 
od of the Diesel motor of raising the tem- 
perature under pressure to the point of ig- 
nition. As only the hot-tube and electrical 
methods are in current use, we shall not 
consider the others. 

Comparing the electric and tube igni- 
ters, the latter is, of course, the simpler, 
especially if a gas burner is used. The 
tubes, which are of different composi- 
tions, are simply heated by a Bunsen 
burner to such a temperature that when 
the engine compresses its charge the 
burned gases in the cylinder are first 
forced up into the tube, and the live charge 
follows and ignites from contact with the 
heated surface of the tube. The hot tube 
method is not quite so convenient as the 
electrical method, as one must wait a few 
minutes to heat up the tube before start- 
ing. As the atmospheric conditions affect 
the time of ignition with the hot tube, and 
as these conditions change from day to 
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day, the exact time of ignition will vary to 
some extent. Further, as the conditions 
where engine is installed are probably dif- 
ferent from those at the factory, tubes 
which work all right at the factory may 
not do so after the engine is installed. 

If an iron pipe is used for the tube it 
soon becomes coated on the inside to such 
an extent as to delay and even prevent ig- 
nition. Anyone who uses a tube igniter 
continuously, however, should not use the 
iron tubes, as they burst easily after a little 
use. Nickel alloy and other special tubes 
are used to a large extent, and it pays to 
use only the best. 

The greatest difficulty with the tube ig- 
niter is its changeable character and the 
fact that one can not tell at just what 
point ignition takes place, except by indi- 
cating the engine, which few people are 
prepared to do. In some makes of en- 
gines, especially the earlier ones, a valve 
was placed leading to the tube, and this 
valve was opened at the proper time to 
allow ignition. This, however, has been 
generally discarded, as it merely allowed 
the gases to reach the tube at a certain 
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time, and did not determine the time of 
actual ignition. For portable use the hot 
tube is decidedly a disadvantage, as the 
wind can play on the burner flame, and the 
tube is not kept at one temperature, and 
even where protected from draught the 
flame may be hotter one day than another, 
unless the operator is very careful to note 
the adjustment of his burner. 

The electric igniter, while disliked by 
some, many of whom use it only because 
they like it better than the tube, is slowly 
forging to the front as the ideal igniter for 
a gas engine. Much of the opposition to it 
has been due to complicated mechanism, 
to batteries which would not last long, but 
largely to the unintelligent care of the 
operator. In the make-and-break igniter 
two electrodes form a part of the electric 
circuit. Of these one is usually stationary 
and insulated from the rest of the engine. 
The other electrode is movable, and as it 
is brought into contact with the stationary 
electrode the electric circuit is completed. 
Then, at the proper time, the circuit is 
suddenly broken by separating the points 
quickly, thus getting a spark from one to 



the other and igniting the charge. A 
variation of the make-and-break method is 
the wipe method, where there is a slight 
wiping or chafing action of the two points. 

Then there is the jump-spark method. 
By this method a spark is made to jump 
across the short distance between the two 
electrodes, being accomplished by the use 
of an induction or Ruhmkorff coil. 

With the make-and-break method it is 
very necessary that the insulated elec- 
trode be perfectly insulated. Various sub- 
stances are used for this purpose, but all 
are likely to get injured by articles falling 
on them, etc., in which case they must be 
renewed. Sometimes ther^ will be a crack 
in the insulation, which, when cold, will 
not show any effect, but as soon as the in- 
sulating material gets warmed up it ex- 
pands, the crack opens^ and the insulation 
is defective. Then the points in the elec- 
trodes must make a good contact. Some- 
times one or both get loose and they do not 
meet, or perhaps they will wear down to 
such an extent that they do not make a 
contact. Then, too sulphur in the gas 
may insulate them. Or they may get 
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rusty and be partially insulated. Steel, 
German silver, platinum and other sub- 
stances are used for theee points. One gas 
engine operator will swear by platinum, 
while another is positive that platinum is 
not the ideal point, but that (ierman silver 
or steel produces the best results. Much 
depends on the nature of the fuel used, 
etc. Perhaps the best advice to give on 
this subject is to try tne various substances 
and note which seems to give the best re- 
sults in each particular case. 

Of course it is necessary that the bat- 
tery be strong and effective. The proper 
kind of a battery to use is another much 
discussed question with gasr engine manu- 
facturers and users. One advocates a dry 
battery of a certain number of cells. An- 
other proclaims the merits of the liquid 
battery with a different number of cells, 
and so on. As a matter of fact, no battery 
is too good, and any battery will give poor 
results if allowed to short circuit. Too 
many operators forget to open the switch 
when shutting down the engine, and the 
result is that the battery runs down more 
in one night than it would Inom several 
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weeks or months of usage. The switch 
should always be thrown open when engine 
is not in use. 

Then, too, electric bells should not be 
run with the engine battery. Sometimes 
the battery is placed on a shelf, and a lot 
of metal and rubbish is piled on top of it, 
thereby short-circuiting the battery. In 
putting renewals in a liquid battery, both 
the plates and the solutions should "be re- 
newed at the same time, aa the different 
elements are generally so proportioned by 
the manufacturers of batteries as to deter- 
iorate together, thus making complete re- 
newals necessary. Sometimes the opera- 
tor allows his spark coil to get damp, 
which destroys its usefulness, as it must 
be kept dry. 

In cold weather the engineer sometimes 
is afraid that his battery will freeze dur- 
ing the night. One of thci largest battery 
manufacturers in the country states that 
one type of his battery will easily with- 
stand a temperature of zero degrees, F., 
while another type which is more com- 
monly used for gas engine service will 
stand 15 to 20 degrees below zero. He 
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states, however, that it is unwise to get as 
low as either of these temperatures if 
avoidable. 

There is one point about a battery that 
a great many people do not understand. 
One man has a 5-horsepower engine while 
another has a 60-horsepower, and perhaps 
the smaller engine requires twice as many 
battery renewals as the larger one. Why 
this should be the case is a mystery to 
some engine users. And yeft the reason for 
it is perfectly plain and natural. An elec- 
tric battery is often compared to a barrel 
of water. If you take one drop of water 
out of the barrel every second continuous- 
ly for ten hours a day, the water will not 
last as long as if you took a drop out only 
every minute for ten hours a day. Simi- 
larly, if you draw a spark continuously 
from your battery every second, the sup- 
ply of sparks will not last as long as if a 
spark was taken only once a minute. Now, 
small engines run at a much higher speed 
than large ones, and therefore require 
more sparks per minute. The result is 
that the faster the speed of the engine is, 
the shorter will be the life of the battery. 
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Some engines of the hit-and-miss type 
do not operate the igniter when a charge 
is not to be ignited, while other igniters 
operate continuously, thus making a spark 
even when not required, and running down 
the battery unnecessarily. With those hit- 
and-miss engines which cut out the ignit- 
ing mechanism \vhen a spark is not re- 
quired it will be seen that the heavier the 
load the shorter the life of the battery, be- 
cause the heavier the load is the more 
charges are taken and exploded, requiring 
that many more sparks. 

Another rather puzzling thing about 
batteries is, that under apparently the 
same care and conditions, one will last 
much longer than another of the same 
make. This seems to be especially true of 
dry batteries. In some cases a battery will 
give out within three to six months, while 
the next one may last as long as a couple 
of years, as is sometimes the case, although 
very rarely. The only plausible reason 
for such occurrences, in cases where the 
battery is well cared for, seems to be that 
the batteries are not standard, and if one 
gets a battery which lasts for an unusually 
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long period of service he is to be congratu- 
lated. 

With the wipe-spark method there is a 
tendency for the contact points to wear 
from the continual rubbing, so that it is 
necessary to watch and see that the elec- 
trodes do not wear off too much before ad- 
justment is made. Of course, the chafing 
action keeps the contact points clean and 
bright, so that they do not get a chance to 
corrode and become insulated. 

In the jump-spark method the main 
difiiculty, outside of securing a satisfac- 
tory coil, is encountered in the fact that 
the points inside the engine do not come 
into contact, and are not, therefore, kept 
clean as easily as even the points in the 
make-and-break method. This results in 
rust, carbon, sulphur, etc., depositing on 
the points, so that it becomes necessary to 
clean them frequently. The fact that 
there are no moving parts or springs with- 
in the cylinder is its most advajutageous 
characteristic. 

It can not be borne in mind too strongly 
that the igniting mechanism must be abso- 
lutely correct in order to secure satisfac- 
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tory results, both in the power developed 
and in the amount of fuel consumed. If 
a battery is used, as before stated, it must 
be of the best, for, if the igniter is the soul 
of the gas engine, the battery may properly 
be called the vital essence of the soul. 
Even though the exhaust or compression 
of an engine is poor, yet, if the igniter is 
all right, some kind of results can be se- 
cured. But, on the other hand, if every- 
thing else about the engine is absolutely 
correct, and the igniter fails, no results can 
be secured. And yet, in spite of this, 
many gas engine operators do not attempt 
to study either the principle or the me- 
chanical operation of their igniters, and 
the result is that they are continually hav- 
ing trouble. 

Many an engine which has been con- 
demned as unsatisfactory and a failure 
has been so only because of the lack of in- 
telligent care of its igniter and a knowl- 
edge of what care to give it and when. 
Many of these very same engines have 
gone into the hands of other people who 
have studied them a little and learned 
what to do, and the results have been just 
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the reverse of what were secured by the 
first operators, due simply to the applica- 
tion of some intelligent care. 

But the fact that the igniter works all 
right in itself, does not mean that good 
results will be secured from it. One thing 
to be borne in mind in considering the 
operations of a gas engine is the time 
when the operations take place. Many an 
engine has a good igniter, and would have 
been better off if it had had none at all. 
Why this is so, and the relation of the 
time of ignition to the successful results 
to be secured, will be considered in the 
next chapter. 
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TIMING. 

In the previous chapter we called atten- 
tion to some of the more common trou- 
bles met with in the operation of the gas 
engine igniter. While the gas engine is 
not as complicated as a steam plant, in- 
cluding engine, boiler, etc., yet the various 
parts of the engine bear such a relation to 
each other that they must act in imison. 
In other words, the various parts must be 
in "time" with each other. An engine 
may have a perfect form of exhaust valve, 
yet if the valve does not open at the right 
time in the operation of the engine, it is 
of little value. This is a point which is 
sometimes overlooked by gas engine users 
who may be having some trouble with their 
engines. They will examine every possible 
point, yet be unable to find the cause of 
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the trouble, when the whole difficulty may- 
be that some part is out of time. That 
this matter of time is one which affects 
the power and the consumption of the en- 
gine is recognized by few engineers, and 
it is important that the subject be care- 
fully understood. 

If the intake valve does not open 
promptly as the engine piston starts for- 
ward on the first stroke, it results in too 
small a charge being drawn in. In some 
makes of engines, which govern on the fuel 
supply instead of on the exhaust, the fuel 
valve, or both the air and fuel valves, are 
not opened until a portion of the stroke 
is completed, in order to give a weaker 
explosion when the engine gets above 
speed; but even in this type of engine the 
valves should open promptly at the proper 
time. 

On the other hand, if the air and fuel 
valves open before the completion of the 
previous exhaust or sweep-out stroke, a 
portion of the exhaust is blown out through 
the air and fuel valves, and of course they 
close before a proper sized charge is (\(^■ 
mitted to the engine. This premature 
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opening of the fuel valve often results in 
"back firing," or ignition of the fuel from 
the flame of the exhaust, causing a report 
in the air and fuel passages. And if the 
fuel valve opens too late, it may be too late 
in closing, resulting in a portion of the 
charge being blown back through the valve 
on the compression stroke. 

But the time of the ignition is perhaps 
the most important, if any one thing can 
be fixed on as the most important, when the 
proper timing of all the parts is necessary 
to good results. But improper timing of 
the ignition has perhaps the most disas- 
trous effect on the engine. The time at 
which the igniter should operate is when 
the crank-shaft is just far enough ahead 
of the inner dead center on the compres- 
sion stroke, so that the greatest pressure 
from the combustion of the charge occurs 
at the dead center or just past it. In 
many engines used for electric light work, 
where the main result to be secured is not 
so much low fuel consumption as it is 
very close regulation in speed, the ignition 
is adjusted so as to be a little late, giving a 
little less jump to the piston at the time of 
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ignition. Thus it will be seen that the ig- 
nition really begins a little before the 
completion of the compression stroke, or 
before the crank-shaft reaches the inner 
dead center. This is called the "lead" of 
the ignition. 

Suppose that the igniting mechanism op- 
erates at such an instant that the piston 
will start on the out stroke before the 
charge is ignited and starts to expand. As 
the piston moves out the compression at 
once begins to decrease, and the amount 
of pressure obtained is therefore less than 
would be secured if the ignition took place 
at the proper time. Of course, when reg- 
ulation is the prime essential and even a 
very slight variation in speed is undesir- 
able, it is perhaps well to secure this by 
late ignition, but it must be remembered 
that late ignition means the same as low 
compression. 

On the other hand, suppose that the ig- 
niter operates at such . a time that the 
complete ignition occurs before the crank- 
shaft reaches the inner dead center. It 
will be seen at once that the engine must 
then work against itself. The tendency of 
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this would be to reverse the engine, but 
the momentum of the flywheels carries the 
piston on even against the enormous pres- 
sure. Of course, the pov^er of the engine 
is decreased, because the efficiency of the 
engine is greatly decreased in overcoming 
the tendency to reverse. But if early ig- 
nition continues for any length of time 
it will eventually partially or totally 
wreck the engine. As has been explained, 
at the time of the early ignition the crank- 
pin is below dead center, and the engine 
would naturally tend to reverse. This does 
not occur, from the fact that the momen- 
tum of the flywheels carries it on. How- 
ever there is a very heavy torsional strain 
on the crank-shaft, since the piston and 
connecting rod are forcing it in one di- 
rection, while the flywheels are forcing 
it in the opposite. This strain, if kept 
up for any length of time, starts a small 
check or crack at the junction of the crank- 
cheek with the journal. This crack grad- 
ually works all around the shaft and into 
the cheek at an angle of about 45 degrees, 
or, rather, in a curved line. Finally there 
is 80 little stock left that this suddenly 
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breaks and leaves the cheek with a cup- 
shaped depression, into which the broken 
end of the shaft fits. As the crack grad- 
ually works in farther and farther, the vi- 
bration rubs the broken parts smooth and 
oil follows in. When the final break does 
occur this oily and smooth surface has the 
appearance of an old break or a flaw, while 
the small portion of the fracture which 
broke last is the only part which shows a 
fresh, rough break. This frequently cre- 
ates a wrong impression in the mind of 
the owner of the engine, who at once jumps 
to the conclusion that, siiice the break 
has undoubtedly been of long duration, 
and as it shows a smooth surface over the 
larger portion of the fracture, the shaft 
must have been welded into the cheek and 
the weld imperfectly done. Accordingly, 
he demands of the manufacturers a new 
shaft free of charge, as well as that tho 
rest of the engine, which may have been 
damaged more or less, be repaired without 
cost to him. 

As a matter of fact, practically all of 
the reliable gas engine builders, especially 
those building engines larger than 5 H. P., 
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use a crank-shaft which is forged from one 
solid billet of steel, and the crank portion 
is solid. The stock between the crank- 
cheeks is then cut away and the shafts and 
crank-pin are turned to the proper size, 
so that there is no welding in any part 
of the crank-shaft. These breaks some- 
times occur several years after the instal- 
lation of the engine, long after any defects 
in the construction of the shaft would have 
developed. The accompanying illustna- 
tion shows the rooigh-turned and the fin- 
ished crank, also the usual form of break. 
But there is another result which ac- 
companies either early or late ignitiouj 
or the wrong timing of the valves, and 
that is high fuel consumption. Early ig- 
nition destroys the effect of a large part 
of the latent power in the charge. Late 
ignition, like low compression, does not 
secure all the power possible from each 
charge, since there is a relation between 
the maximum pressure secured after ig- 
nition and the pressure at time of ignition, 
so that the lower the pressure at time of ex- 
ploding, the less is the power developed. 
Early or late closing of the air and fuel 
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valves also results in losing a part of the 
power possible to secure. And as all gas 
engines which do not get the maximum 
benefit from each charge require more fuel 
than is otherwise necessary, it will be un- 
derstood that any of the conditions pre- 
viously mentioned affect the consumption 
of fuel per horsepower developed. 

But what are some of the causes of early 
ignition in gas engines, and how is one to 
tell when ignition occurs at the proper 
time? Indicating the engine is the only 
way by which the exact time for the ignit- 
ing mechanism to operate can be told, but 
there are ways to tell very closely without 
indicating the engine. It is often very 
difficult to tell, except by the use of the 
indicator, whether an engine which is run 
with a tube igniter is firing properly or 
not, unless the time of ignition is exceed- 
ingly early or late. If very early the en- 
gine will make a pounding noise. If 
very late the power developed will be very 
little and by experimenting with various 
lengths of tubes something may be learn- 
ed about the time of the ignition. 



An engine which has an electric igniter 
operates the igniting mechanism while the 
crank is at a certain point below dead 
center. It is well when the engine is 
new and in proper condition to make a 
mark in some way to show the position 
of the crank at this time. One way to do 
is to make a mark on the flywheel, and an- 
other close to it on some part near the 
wheel. If this can not be done easily the 
piston may be marked, or a plumb-line 
may be dropped from the center of the 
flywheel shaft and a point marked on the 
rim of the wheel where the line meets it. 
Many makers of engines have some special 
way of marking this on their engines, so as 
to avoid the necessity of the purchaser do- 
ing so. By having some guide when the 
engine is new, it enables the operator to 
tell at any time whether the engine is ig- 
niting properly. 

As to the causes for early or late igni- 
tion, first, the engine may be out of ad- 
justment. All igniting mechanisms wear 
in time and require some readjustment. 
Sometimes they are changed accidentally 
by some person taking off a portion of 
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the engine and not putting it back correct- 
ly. Often a side shaft is taken off and 
when put back the gears are not meshed 
with the same teeth together. A difference 
of even one tooth will throw the whole en- 
gine out of time. Sometimes a deposit of 
carbon or the head of a screw or bolt^ or 
some sharp corner in the cylinder becomes 
heated to such a point as to ignite the 
charge prematurely. In such cases if the 
battery is disconnected the engine will ig- 
nite charges just the same, as long as the 
heated part continues to be sufficiently hot 
Sometimes in an engine with a make- 
and-break igniter new points are put in 
and their length is not gauged properly or 
adjustments are not made to take care of 
the different length of points, thus chang- 
ing the time of ignition. Or the points 
may wear gradually, and by so doing 
chapge the time of ignition. All engines 
have parts which wear gradually and these 
points are sometimes not noticed by the 
owners. Many people who have had a 
crank-shaft broken from early ignition 
will tell the manufacturer that the time 
of ignition has never been changed since 
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they got the engine. They seem to think 
that since nothing has been done to the 
engine the time of ignition must be the 
same as when it was new. As a matter 
of fact their very statement that they 
have not adjusted the engine shows that 
it can not Be in the same condition as 
when shipped, because wear has taken 
place and changed it. "Letting the en- 
gine alone and doing nothing to it" has 
ruined more than one machine and the ef- 
forts of gas engine manufacturers are be- 
ing continually devoted to trying to edu- 
cate the purchaser up to the realization of 
the fact that no engine can be "let alone" 
with impunity. No one expects a horse to 
be let alone and yet do satisfactory work. 
And a good gas engine is in some respects 
like a good horse. It runs best when cared 
for best. No part of the engine can be 
neglected without resulting in trouble. 

But the fact that any part of an en- 
gine is in proper condition itself does not 
imply that it is in proper time. One of 
the mystifying things about a gas engine, 
at least to the person who is unfamiliar 
with their operation, is to see some part 
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jump up and down perhaps three or four 
times and then stop, and pretty soon jump 
up and down again with apparently no 
reason for its doing so. Some operators 
of engines do not have enough judgment, 
or even enough curiosity, to learn why such 
a part moves as it does. The gas engine 
operator must never lose sight of the fact 
that gas engines are largely automatic and 
that there is a reason why each part not 
only moves as it does, but when it does, 
and any operator who has the foresight to 
know that he should imderstand the action 
of the engine thoroughly will study these 
features, and thus will save himself many 
an hour which would otherwise be con- 
sumed in locking for the cause of an en- 
gine shutting down or waiting for a new 
crank-shaft or other parts to come from 
the factory. 
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VI. 

ILLUSTEATED TROUBLES. 

Knowledge of any subject may be di- 
vided into theoretical and practical, and 
in order to have the best acquaintance with 
any subject, the more of each kind we 
have the better we are equipped. The 
truly educated man recognizes this fact, 
but there are many so-called "practical 
men" who look upon the "theoretical man" 
with disgust, and vice versa. And yet, 
if all men belonged to either one or the 
other of these classes, it would be very 
difficult for either class to get along with- 
out the other. It is necessary, therefore, 
that the practical man who has learned 
what he knows from actual experience to 
acquire as much as he can of the theory 
of what he practices. It is likewise es- 
sential for the man who has learned from 



books the why and wherefore of this and 
that to get by experience some additional 
knowledge which can not be secured in 
other ways. 

I once heard of a young man in a col- 
lege class who was given the dimensions 
of a certain gas engine and asked to figure 
out the size of pipe necessary to supply 
the engine with gas. The young student 
in question gave as his result, a li-inch 
pipe. The professor in charge claimed 
that 1^-inch pipe would be sufiicient, but 
was met by the answer, "Where will you 
get your 1^-inch pipe? Standard pipe is 
made 1-inch, and the next larger is IJ- 
inch." 

Experience is no doubt an efiicient, but 
wearisome, and oftentimes, a costly teach- 
er, and sometimes from the experiences of 
others we can learn a great deal. Often- 
times facts stick in our minds and are 
called to mind when needed, when the bare 
statements of the principles they illus- 
trate would never be thought of. Some- 
times these practical experiences of others 
mil save one a great deal of both time 
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and money, and they are therefore often 
worth remembering. 

When an engine fails to explode its 
charge, there may be any one of several 
causes for it, among which is the failure 
of the igniter to work. This also may be 
due to several things, and it is usual in 
testing for the cause to place together the 
wires from the bajttery and see if they 
make a good spark when separated. If 
they do, we know that the battery is all 
right. The next step is to learn if we get 
a spark inside the cylinder. Most en- 
gines are provided with a small hole near 
the igniter points, and in this hole a plug 
is screwed. The plug may be re- 
moved to clean the points or test for a 
spark. Several years ago an engine was 
being tested in this way. The engineer 
called to a man nearby to see if the gas 
was turned off. The man reported that it 
was, and the engineer snapped the igniter, 
at the same time peeping into the hole 
to see if there was a spark. At that in- 
stant there was an explosion in the cyl- 
inder, and, of course, the flame blew out 
through the peephole into the engineer's 
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face. That he was not rendered totally 
blind was only a miracle. As it was, he 
was taken to a hospital, where it was two 
weeks before he could see at all. As for 
the cause of the explosion, it was never 
known just what caused it, whether there 
wias in the cylinder a charge of gas, which 
had not been exploded after the gas was 
turned off, or whether the person wh.o 
stated that the gas wias turned off was 
mistaken. Or, possibly, the gas cock was 
accidentally opened, even if it was closed 
at the time the gas was reported as shut 
off. Since the first case of this kind that 
came to my attention I have heard of -sev- 
eral others, although none resulted so se- 
riously. 

In making this test on the igniter, it 
is well to bear in mind the old saying, 
*^If you wish a thing done well, do it your- 
self." First see that the supply of gas 
or gasoline is shut off from the engine. 
Then turn the engine over several times 
and operate the igniter so as to explode 
any charge v/hich may be in the cylinder. 
It is also a good idea to turn the engine 
over once or twice with the valves and 
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cocks open so as to blow out any charge 
which may be in the cylinder, for the ig- 
niter may not work for several times, 
and then, just at the moment you happen 
to be looking in for the spark, it may ig- 
nite the charge. As a further safeguard, 
operate the igniter several times before 
you attempt to look for the spark, and 
when you do look, keep your face some 
^distance away from the hole and a lit- 
tle to one side, or else use a mirror to 
reflect the spark. While these may seem 
to be rather extraordinary precautions, 
nothing should be overlooked unless one 
wishes to run the chance of losing both hi» 
eyes. 

A somewhat similar incident was told 
to me by an expert from a gasoline engine 
factory. He had been sent to locate and 
correct some reported difficulties in an en- 
gine. These were soon fixed all right, 
but the people had been using a self-start- 
er to operate the engine, and found that 
it was just as easy and a little less trou- 
ble, to start it without the self-starter. 
They therefore asked the expert if he 
would disconnect the engine and starter. 
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They were exceedingly busy, and did not 
wish to be out of the use of the engine any 
longer than necessary, especially as they 
had been shut down for several days al- 
ready. The expert told them that he 
could easily disconnect it without stop- 
ping the engine, and proceeded to do so. 
There was a pipe leading from the com- 
pressed air tank to the engine cylinder. 
All that was necessary was to disconnect 
this and put a plug in its place. This 
could easily be done by throwing out the 
switch in the battery circuit, when the 
engine would run without exploding for 
several revolutions, during which time the 
pipe could be unscrewed and the plug put 
in. Then the switch could be thrown in 
and the engine would begin to explode the 
charges, not having lost more than two 
or three impulses, so that it would soon 
be up to speed again. But again, "If 
you wish a thing done well, do it your- 
self." Everything was ready. The ex- 
pert was at the engine with a pipe wrench, 
plug, etc. A man stood at the switch, 
and at the word threw out the circuit. 
The pipe was unscrewed, and the plusr 
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was just going in when the engine fired. 
The switch had fallen back into contact 
and completed the circuit. The expert's 
hands went "chunk" into a bucket of oil 
that happened to be standing near. A doc- 
tor was summoned and dressed the hands, 
but it was several weeks before they were 
of much use to their owner. 

Sometimes troubles with gas engines 
occur in a place where the cause is seldom 
looked for, because the trouble may have 
come about gradually and seem to be due 
to other things. For instance, when an 
engine heats too much there are several 
things which may be the cause of it, and 
yet one of them often escapes the mind 
of the operator. A steam engineer usual- 
ly uses some kind of boiler compound to 
prevent deposits in the boiler, but the gas 
engineer often overlooks the fact that these 
same deposits may occur in the water- 
jacket of his engine. In one case an en- 
gine was reported as heating a great deal 
more than it had formerly done. When 
the expert examined the engine he found 
the lower portion of the jacket-space prac- 
tically filled up with mnd, lime, etc., 
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which had baked hard. Of course it had 
taken several years for this to occur, but 
as a result of it the water did very little 
good, and the engine became very hot. In 
another case, while the jacket-space had 
not become so completely filled up, the 
space around the inlet pipe had become 
pretty well clogged up, so that the water 
supply was choked down and the engine 
heated too much. These jacket spaces 
should be thoroughly cleaned out about 
once a year, depending on the nature of 
the water used. If a tank is used, and 
the same water circulates through the en- 
gine over and over, a boiler compound 
may be used, or rain water instead of wa- 
ter containing lime and other substances 
which will deposit. This will prevent the 
trouble to a large extent. 

Sometimes the cause of trouble seems 
to be rather ludicrous when the explana- 
tion is known. When large engines are 
placed in office buildings it is usual to 
draw air from outdoors through a pipe in- 
stead of from the engine room, as the 
sound of the suction is then reduced and 
IS not annoying. In one case an engine 
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was so arranged, and the end of the air 
pipe was just outside the building about 
ten feet from the ground. Some street 
urchin happened to hear the noise of the 
air being drawn in and began to throw 
his cap up towards the end of the pipe, 
and was amusing himself by seeing the 
cap suddenly diverted from its course by 
the air going into the pipe. But once the 
cap went too near the pipe and was sucked 
into it, and of course shut off practically 
all of the air supply, causing the engine 
to stop. If the boy had not wanted his 
cap back, the engineer might have hunted 
a long time before he discovered the cause 
of the trouble. But caps are not to be 
thrown away by street Arabs, and so he 
went into the building to inquire as to 
how he could get his cap back. This at 
once made plain the cause of the engine 
stopping. After trying in vain to blow 
the cap out by exploding a charge in the 
engine and holding the air valve open, the 
pipe was finally taken down, and the cause 
of the* trouble restored to its owner. Sinoo 
then I have noticed a wire screen is placed 
over the end of this pipe. 
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Frequently we are inclined to laugh at 
the mistakes of others, and say that if that 
particular trouble happened to our engine 
we would not be long in finding it. But 
this is not always a safe position to take, as 
the following incident will show : A gas- 
' oline engine salesman went to see one of 
his engines, which was reported by the 
owner to be giving continual trouble. He 
found that the real cause was that the man 
who was employed as engineer did not 
seem to be able to understand the engine 
at all, and as a result it easily got out of 
adjustment, and so on.- After making 
some slight adjustments and cleaning up 
the engine, the salesman proceeded to give 
the engineer some instructions, in the 
presence of the owner. He illustrated triv- 
ial causes of trouble by relating an ex- 
perience he had had a few days before, 
when he went to find what was the ma^ 
ter with another engine. He found that 
the engineer, in wiping up the engine, 
had inadvertently allowed a string of waste 
to get f asitened into the gasoline feed, and 
it had lodged in such a position that it 
practically cut off the supply of gasoline. 
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When the waste was removed, the engine 
started off at once with no further trou- 
ble. The engineer to whom the incident 
was being related, said, "Well, I'm not 
that dumb, anyway. I'll bet I'd have 
found it." Soon after he went out of the 
engine room and the salesman placed a 
piece of waste in the feed just as he de- 
scribed. When the engineer returned the 
engine was evidently in trouble, and his 
face seemed to say, "I told you so. You 
think the whole trouble is with me, but 1 
know it is the engine." The salesman re- 
fused to look for the cause of the trouble, 
as he said he wanted to see how the engi- 
neer went about looking for the cause of 
trouble. After some fifteen or twenty 
minutes of vain endeavor, the engineer 
finally gave up. When /the ealeeman went 
up to the engine and picked out the wasite 
it of course made the engineer angry, as 
he thought a trick had been played on him. 
Nevertheless it showed that he was un- 
able to locate even the slightest trouble 
with the engine. 

The greatest trouble with engineers 
seems to me to be that they do not have 
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an}^ idea as to how the engine works and 
what its various parts are for. They can 
start it or stop it, but when trouble comes 
they are not suftlciently acquainted with 
the theoretical part of the engine to un- 
derstand where to look for the trouble. 
Many of them will see that the spark is all 
right, but forget to see if the engine is 
getting gas or gasoline. Others will see 
to the fuel supply and forget that if their 
muffler is choked up the burned gases can 
not escape. Still others test the engine 
for compression, but forget that a spark 
is necessary. 

When an engine gives trouble, unless 
it is very apparent that the cause is in 
sonae particular part, it is well for the en- 
gineer to have some one method of going 
over the engine. And even when the trou- 
ble seems surely to be in one place, if he 
is unable to locate it there, let him not 
forget that his diagnosis may be defective. 
For instance, a firm recently tel^raphed 
to the manufacturers of their engine, stat- 
ing that the fuel valve did not seat prop- 
erly, and asking thaA a man be sent at 
once. When he arrived he found that 
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the trouble was not with the fuel valve 
at all, but that the spring which regulated 
the mechanism by which the exhaust valve 
was held open until the proper time, was 
not tight enough. On tightening this 
spring the trouble ceased at once. Thus 
it will often happen that trouble in one 
place will so aifect the working of the en- 
gine as to make it appear that the cause 
of the trouble is in an entirely different 
place. 

These are* only a few illustrations of 
troubles which have occurred in the oper- 
ation of various engines, none of the trou- 
bles having been due to faulty design 
or workmanship, but to carelessness or ig- 
norance in some form or other. If a steam 
plant was handled with as little care and 
intelligence as gas engines often are, the 
list of casualties from boiler explosions, 
etc., would soon be so large as to drive the 
steam engine out of existence. The oper- 
ation of a gas engine, however, is depend- 
ent on principles which, if not followed 
out, seldom result in more than unsatis- 
factory work or a complete shutting down 
of the engine. Sometimes, however, a gas 
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engine is handled in just such a way as 
to cause almost as disastrous results as a 
steam boiler explosion. If the engineer, 
in addition to the practical knowledge 
gained by handling the engine, will add 
some theory to his knowledge, so as to 
know the why of this or that operation, 
it will enable him to locate the cause of 
trouble much more readily, as well as in 
a large measure to prevent trouble. 
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VII. 
ILLUSTEATED TROUBLES. 

It is a pretty safe statement to make that 
there is no piece of machinery which does 
not at some time or other give some trouble. 
The tendency of the times is to produce* 
machinery as nearly automatic as possible, 
in order that the cost of attendance may be 
reduced, not only by permitting of the 
employment of less skilled laborers, but 
also by enabling the laborer to devote his 
time to as many different machines as 
possible. For instance, there are the au- 
tomatic screw machines, several of which 
may be operated by one comparatively un- 
skilled workman. At first thought this 
may seem to work to the disadvantage of 
the skilled man, for he is no longer needed 
to attend the machines, since cheaper labor 
has replaced him. But who is to build these 
screw machines ? Does not their manuf ac- 
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ture require the labor of even more skilled 
men than formerly attended the old ma- 
chines ? And so we find that the tendency 
toward automatic machinery, while replac- 
ing some skilled workmen gives employ- 
ment in the manufacture of the machines 
to these saane and other equally skilled 
men. And as there is no machine which 
at some time or other will not get out of 
adjustment or wear or possibly break some 
part, men are needed to keep a watch on 
these kinds of troubles and remedy them. 
And as the gas or gasoline engine is a ma- 
chine which is, to a very large extent, au- 
tomatic, it is not to be expected that it will 
not also occasionally cause trouble. Even 
the best of our watches, which represent 
perhaps the most complete automatons of 
the day, need frequent winding and occa- 
sionally must be overhauled and cleaned. 
And when a watch needs overhauling, the 
owner usually employs an expert watch- 
maker. But when his gas engine causes 
trouble does he employ an expert gas-en- 
gine mechanic to repair it ? Too frequent- 
ly he does not, and either attempts to fix it 
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himself or employs a man who knows little 
of gas-engine construction. 

In almost every town there are machin- 
ists who are ever willing to attempt any job 
which is brought to them, whether they 
know anything about it or not And when 
they are called upon to locate and remedy 
troubles with some gas engine they go at 
it boldly. Perhaps they have worked on 
some other make of gas engine, although 
not the particular make in hand, or perhaps 
they have never seen a gas engine before. 
Still, as they claim to be, and perhaps are, 
expert machinists, they at once start to 
pull the engine to pieces feeling conifident 

that they will be able to put it together 
again. But when they attempt to do so, 
more than likely some part is out of time, 
leaving the engine in worse shape than 
when they got hold of it. Now, I do not 
mean to be understood as saying that an ex- 
pert machinist, or perhaps even one who 
does not call himself an expert, can not lo- 
cate the trouble with a gas engine. I do 
know, however, from actual experience, 
that many such machinists when called up- 
on to do such work apparently have no idea 



of what they are attempting and frequent- 
ly do more harm than good. Some judge- 
ment is required in such cases and the man 
who dismantles an engine without knowing 
what he is doing is likely to end up in a 
muss. In the gas engine factories only the 
best of mechanics are employed in assem- 
bling the engines. 

I have in mind a case in the South 
where the owners of an engine had some 
trouble in running it on gasoline, although 
they could run it- on gas all right. From 
their reports there was evidently nothing 
radically wrong with the engine, since it 
ran all right on gas, and the trouble no 
doubt was in the installation of the gaso- 
line system. They employed a local ma- 
chinist who took the engine to pieces and 
when he got it together again it was in 
worse shape than ever. This machinist 
claimed that it was a practical impossibili- 
ty for the engine to be run on gasoline. 
Inasmuch as the engine had been run on 
gasoline before leaving the factory his 
statements were manifestly untrue. 

Some of the machinists called upon to do 
this kind of work eividently know nothing 
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of the first principles of gas engine theory. 
For instance, a machine shop was called 
upon several years ago to locate a trouble 
with a gas engine. They had done a great 
deal of work on steam engines, as well as 
other work, but evidently they knew little 
of gas engines, as was evidenced by a letter 
of inquiry to the manufacturers of the 
engine, asking ^Vhother or not it Avas 
necessary to use both the tube and the elec- 
tric igniter at the same time." If a gas en- 
gine were animate (as they sometimes al- 
most s^m to be) what protests it would 
make when placed in such hands as these ! 
I have also known of cases where a local 
machinist, thinking that the engine was ig- 
niting too late, would set the ignition ahead 
so that it was too early, and later on, a 
broken crankshaft was the result. 

Uninformed as some machinists seem to 
be on these questions, one would think that 
they would devote some attention to the 
?tudy of the theory and construction of gas 
engines. One engine owner recently wrote 
to the manufacturers of his machine, stat- 
ing that the machine gave good satisfac- 
tion, but that like all other machinery it 
80 



occasionally needed overhauling, and his 
engineer, who was the janitor of the build- 
ir.g, was not competent to do this work. He 
stated that out of several local machinists 
he had employed none seemed to have the 
slightest practical knowledge of a gas en- 
gine and he appealed to the manufacturers 
to write to the various machinists in his 
town in an endeavor to persuade them to 
give the subject some study. This condi- 
tion of affairs is not an uncommon one in 
many places. 

On the other hand, when the gas engine 
owner or engineer attempts to fix his en- 
gine he sometimes does as foolish things 
as any machinist possibly could do. And 
the devices to which he sometimes resorts 
are often less excusable on his part than 
they would le on the part of even a machin- 
ist, since the man who has run an engine 
for several years ought to know better. 

One man had an engine for some time 
and took the piston out for some purpose 
or other. Either through ignorance of the 
consequences, or through inadvertence, he 
replaced the piston in the cylinder top 
side down. Ag the piston end of the con- 
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necting rod was lubricated by oil which 
flowed from the cylinder lubricator on to 
the top of the piston and through a hole in 
the piston down to the piston pin, the 
turning of the piston upside down resulted 
in no oil reaching the pin. The man then 
sold the engine to other parties, and of 
course they had trouble from the very start. 
They complained of the piston pin heat- 
ing and sticking, and asked if there ought 
not to be an oiler located on it, etc. It was 
finally suggested to them that perhaps the 
piston had been put in wrong by someone 
who had taken it out. This led to the dis- 
covery of what was the cause of the trouble 
and since turning the piston over to its 
proper position they have had no trouble. 
In the second chapter of this volume 
was discussed the effect of cold weather on 
starting an engine. It was explained that 
in order to allow for the extra condensation 
of the priming charge by the cold walls of 
the cylinder a larger amount of gasoline 
must be used for priming. This is a 
simple thing, and yet it seldom is observed 
by a very large proportion of gas> engine 
users. One man was accustomed in cold 
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weather to wrap hot blankets around the 
outside of his engine cylinder in an en- 
deavor to heat the cylinder enough to en- 
able him to start the engine. How much 
simpler it would have been to have used 
a little larger sized priming charge. 

In another case a man had been running 
his engine for several years, and he got 
the idea that the cylinder was worn rough, 
as no doubt it was. His method of over- 
coming the trouble, however, was certainly 
unique. He mixed up a quantity of fine 
sand with heavy machinery oil and put the 
mixture in the cylinder. Then he started 
the engine and let it run a while with the 
oil and sand in the bottom of the cylinder. 
However, as he himself reported, this did 
not seem te smooth it any. In fact, it add- 
ed to the roughness so much that the cylin- 
der had to be rebored and a new piston put 
in, entailing considerable expense to him. 

In a western city there recently occurred 
an accident which, while not the fault of 
the owner of the engine, illustrates the 
complex conditions under which gasoline 
engines sometimes operate. The oil man 
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who filled the gasoline tank poured a quan- 
tity of turpentine instead of gasoline into 
the tank which was partially empty. But 
the engine continued to run on this mixture 
of gasoline and turpentine. 

The gas engine battery is, perhaps, one 
of the parts of the engine equipment which 
receives much complaint from the owner 
on account of the cost of renewals. Much 
time and money has been spent in trying 
to produce an ideal battery, but frequently 
batteries are abused so that they do not 
give even average satisfaction. In some 
cases call bells are attached to the engine 
circuit. This soon runs the battery down, 
and then the battery is blamed instead of 
the bells. A battery for call bells can be 
purchased at a low price compared with the 
cost of the expensive gas engine battery, 
so that it would seem cheaper to buy a sep- 
arate battery for the bells. 

Another cause of trouble with engines ^s 
the use of poorly filtered oil, especially on 
the crank pin. Oil at this point must be 
perfectly free from grit or dirt of any 
kind, and while filtered oil may be used at 
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other points it is very poor policy to use 
it on the crank pin. Engines are often re- 
ported as- heating the crank pin, and all 
suggestions as to what to do seem to be of 
no avail. When an expert is sent he dis- 
covers that filtered oil is being used, which 
is the sole cause of the trouble. It naust 
be borne in mind that when the crank pin 
once begins to heat, it is almost impossible 
to keep it cool, and no chances should be 
taken with filtered oil where it may save a 
few cents, but cost many dollars. 

These instances illustrate a few of the 
causes of trouble with gas and gasoline en- 
gines. The ability of the gas engine op- 
erator to keep his engine in proper adjust- 
ment is something which is much to be 
desired. And if, in addition to this, he 
can make such repairs as may be neces- 
sary from time to time, he is that much 
more valuable. But not all men have this 
ability or the skill to acquire it In such 
cases care should be taken as to what is 
done to the engine and who is employed to 
do it. Because a man calls himself a ma- 
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chinist is no reason that he is competent 
to overhaul either a steam or a gas engine, 
and many dollars may be saved by employ- 
ing a competent man, even though at two 
or three times the first expense of an in- 
experienced man, who may do the work all 
right, or who may utterly ruin the engine. 



86 



Vlll. 

LUBItlCATIOK. 

If one were to ask a great many gas- 
engine salesman what in their opinion was 
the one thing most characteristic of gas 
engines which had caused them to become 
so rapidly adopted as a source of power, the 
probable answer would be, ^The fact that 
gas and gasoline engines require so little 
attention.'' This is apt to be a stumbling- 
block for the person who buys an engine 
without having had previous experience 
or knowledge of such engines. It is be- 
ing continually impressed on his mind, 
both by the salesman and the catalogues he 
receives, that the gas engine requires ^^no 
attention whatever." A few of the sales- 
men who are not less zealous than the 
others to secure the order, but who are 
looking forward to the future, may state in 
an in-definite way that, while gas engines 



need some attention, the time involved 
does not really amount to much. The 
result is that the inexperienced purchaser 
often is sorely disappointed. He has been 
under the impression that all that was nec- 
essary was to start the engine, after fill- 
ing the oil-cups, and then let it alone un- 
til he wishes to shut it down. 

And yet nat all this misunderstanding 
is the fault of the salesman or the manu- 
facturer. In the first place, one should 
remember that there is no machine which 
will run indefinitely without needing some 
attention, and the better and more intelli- 
gently the attention is given it, the better 
the results are likely to be. And if the 
simplest form of machines require atten- 
tion occasionally, how can we expect a gas 
engine (which, of necessity, must be com- 
plicated in comparison to a great many 
kinds of machines) to run without atten- 
tion? And yet it is undoubtedly true 
that many engines do run without being 
eared for at all. The result, however, is 
that they do not last more than a year or 
two at best, and then they must be re- 
placed. 
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If there is one ithing that is necessary 
for the successful operation of a gas en- 
gine it is oil. While many gas engine 
operators seem to recognize this, they fail 
to bear in mind that oil of a proper qual- 
ity is needed, and that it is needed in 
certain places and not needed in others. 
The operator is apt to become caroless and 
let oil get all over the engine and catch 
and hold dirt and this give^ the engine a 
very unpleasant appearance, if nothing 
else. But there are a number of engines 
which have parts where oil is not intended 
to go and if it gets there trouble results. 
Further, oil will get in around working 
parts and after getting gunmied up with 
dirt, will stick the parts and cause them 
to operate slowly and stiffly, so that they 
get out of time. It is a good plan to 
put some gasoline in a squirt can and 
squirt some of it on 'to such parts every 
week or so. This cleans off the gummy 
oil and dirt, and after letting the engine 
run a while with the gasoline, oil can be 
put on such parts as need it. 

The engineer should not fail to wipe his 
engine off at least once a day. As one 
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writer says, he had better wipe up the 
engine after shutting down in the evening, 
for he may not have time to do it in the 
morning. Then, too, in this way the oil is 
not allowed to remain on the paint, etc., 
over night. The writer knows of at least 
one engine which is cleaned up both at 
noon and at night, as soon as it is shui 
down. Although the engine has been in 
use over a year and a half, the paint is 
bright and fresh a& ever. This may not 
appear to be of any particular advantage, 
but if the owner tried to sell his engine 
secondhand, its appearance would be worth 
much more than what it has cost him to 
keep it clean. 

The lubrication of the cylinder, how- 
ever, is one point which many gas engine 
users seem to attend to with the utmost 
care, and yet with dire results. Many op- 
erators realize thait the oiling at this point 
is a matter of great importance, and they 
therefore proceed to get the best steam 
engine cylinder oil at the very highest 
price. Now, while their intentions are 
good, their deeds are not. Steam engine 
cylinder oil is intended to lubricate the 
cylinder under conditions which are very 

00 



different from those under which oil in 
the gas-engine cylinder must operate. In 
the STieam engine there is more or less 
moisture, and the temperature is fairly 
high. But in a gas engine, especially after 
it has been running for several hours, the 
heat is exceedingly dry and intense, much 
more so than in a steam engine. The gas 
engine cylinder oil must, therefore, be able 
to withstand a very high temperature, and 
lubricate under very dry conditions. A 
good grade of gas-engine cylinder oil which 
has a high flashing-point can be secured 
for less money than the best steam engine 
cylinder oil, and answers the purpose bet- 
ter. Any gas-engine manufacturer can 
furnish such an oil or direct inquiries 
where to secure it. 

But a supply of the proper kind of oil 
is not all that is necessary. It must be 
properly applied or fed to the cylinder. 
It is usual for engines to be supplied with 
lubricators which hold enough oil for a 
run of about ten or ifcwelve hours, and in 
such oases the feed can be set so that one 
cupful will last about that length of time. 
Too little oil, of course, causes the piston 
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and cylinder to become dry, and if the 
lack of oil is continued they will begin to 
cut 'and heat. If this condition still con- 
tinues, the piston may expand so as to stick 
in the cylinder. I have known of several 
instances where an engineer forgot to open 
his lubricator on starting the engine and 
did not notice it until the engine stopped 
from the piston s;ticking in the cylinder. 
This, of course, cuts the cylinder up badly, 
and soon necessitates reboring of the cyl- 
inder and fitting a new piston. 

On the other hand, it is more usual to 
meet cases where too much cylinder oil is 
supplied, rather than too little. In :their 
endeavor to avoid the one, many engineers 
fall into the other habit The result is 
not so disastrous to the engine itself as it 
is to the successful operation of it If 
too much oil is fed, the surplus over that 
which is required for lubrication is forced 
back into the combustion-space. Here it 
is partly burned up by the intense heat 
and flame, and part of it is blown out with 
the exhausit gases. That which remains 
becomes gummy and deposits in numerous 
parts of the cylinder. It falls on the ignit- 
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er points and prevents a proper spark. It 
collects around the piston rings and sticks 
them fast in their grooves, so that they 
fail to spring out and hold the compres- 
sion. The oil which is thrown out with 
the exhaust clogs up the auxiliary exhaust 
ports, if there are any. I have known 
these ports to be clogged so completely that 
a casual examination of the inside of the 
cylinder failed to show where they were, 
and it was only by taking a hammer and 
chisel that they could be found and cleaned 
out. The burned! oil which passes out 
through the exhaust-valve sticks on the 
valve stem and seat and causes the valve to 
work slowly and perhaps not seat entirely. 
This means frequent regrinding and clean- 
ing of the valve. Then, too, the exhaust- 
pipe becomes partially clogged iip with 
the grease. The muffler plates also become 
clogged up with the dirt which is thrown 
out, and so completely does this occur that 
it almost prevents ithe escape of the gases. 
All these things cause a heavy back presr 
sure in the cylinder and decrease the power 
developed. In some cases the back pres- 
sure 0(f burned gases is so great that the 
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gases contaminate incoming charges to 
such an extent thiat they fail to ignite, and 
the engine will not run at all. 

In such oases as these the engine itself, 
the exhaust-pipe and the muffler must be 
taken apart and thoroughly cleaned. The 
muffler plates can be separated and placed 
inito a wood fire to bum off the grease and 
dirt The piston rings, exhaust vialve, 
valve stem and other parts can be loosened 
and cleaned with gasoline or kerosene, 
which will remove the dirt. 

One way in which to tell whether or not 
the engine is getting too much lubrioating 
oil is to watch the color of the exhaust. 
This should be practically free from 
smoke, which always indicates imperfect 
combustion in some form or other. And 
as there are only two things to bum in the 
cylinder, the fuel and the lubrioating oil, 
a smoky exhaust indicates improper con- 
ditions of fuel or oil adjustmenit. The ex- 
haust from an engine which is properly ad- 
justed is nearly colorless. Sometimes it 
has a faint blue haze. Therefore, when 
you have a smoky exhaust you can know 
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that it is due to one or the other, or both, 
of these causee. 

Whem caused by a wrong adjustment of 
the fuel, it may be remedied by cutting 
off a portion of the supply of gas or gaso- 
line, so as to give the engine only enough 
fuel to make perfect combustion. If this 
does not overcome the smoke, try reducing 
the feed of lubricating oil. The smoke 
may continue for several days, however, 
as there may be considerable grease and 
oil in the exhaust passages, which it will 
take several days to bum out. 

It is well to use the cylinder oil on any 
parts of the engine which come in close 
contact with the heat of the explosions, say 
such parts as a moving electrode in an 
electric igniter. This oil will stand the 
heat and lubricate the parts much better 
than other oils which bum and gum the 
parts up. Such parts of an engine should 
be oiled with gasoline every few days, so 
as to clean them out well and not allow any 
burned oil to accumulate. After allowing 
tbem to operate a short Jtime with the gaso- 
line they can be oiled with the cylinder 
oil. 
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The crank-pin and the piston-pin of a 
gas engine are also points where good oil 
is necessary. It is not uncommon to use a 
grease on the crank-pin, and many users 
claim that it is better to do so than to use 
oil. If grease is used, care must be taken 
to see that there is no dirt in the grease 
when putting it into the cup. Sometimes 
there will be lumps of tallow or foreign ar- 
ticles in the grease and these will stop up 
the tube from the cup and prevent the pin 
from getting any lubricant. 

I have known of cajses where engineers 
had difficulty in keeping the crank-pin 
cool, and would attempt to use both a 
grease cup and an oiler on the plan that if 
one failed the other would not. This plan 
generally does not operate successfully, as 
the grease gets into the oil-tube from the 
oiler and clogs it, so that no oil reaches 
the pin, and the engine runs the same as 
though it had only the grease cup. 

For the main bearings of the engine, as 
well as other and less important parts, a 
good grade of machinery oil may be used. 
One thing must be borne in mind in lubri- 
cating any part of the engine, and that is 
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to use oil which is free from dirt or grit. 
Filtered oil is sometimes used, and if iit is 
perfectly free from foreign substances it 
may do no harm, but improperly filtered 
oil has caused a great deal of trouble to 
ga» engine users, especially when it is ap- 
plied to the crank-pin. The engineer who 
once gets his crank-pin to heating will, 
when he gets another engine, know the 
value of preventing the crank-pin from 
hearting the first time. 

The proper oiling of the engine is one 
of the most important things in its care. 
Failure to do this pix>perly may result in 
an expense of many dollars for repairs 
and will sooner or later make a new en- 
gine necessary. No engine will run with- 
out oil being properly applied, and if at- 
tention is given to this work the operator 
will be saved much care and time. Some 
engines undoubtedly do require more time 
on the part of the engineer than others, 
but if the lubrication of the engine is prop- 
erly attended to the work of oaring for the 
engine will be largely reduced. 
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IX. 



CONDITION OF ENGINE INDI- 
CATED BY ITS NOISES. 

Did you ever atop to think of how much 
you can teU about the condition of a gas 
engine by the sound it is making? It is 
said ithat the expert flour miller has his 
ears so trained from years of practice that 
as he nmkes his regular trips about the 
mill he notices almost unconsciously 
whether the various machines are running 
right by the noise they make and that. if 
any particular machine happens ito be 
running out of adjustment in some way, 
he notices it ajt once by the unusual sound 
it makes and is thus able to make any nec- 
essary adjustment before serious injury 
has been done to the machine or the pro- 
duct it is handling. Of course, this ability 
resultls only from continual training and 
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praxjtioe, and is acquired gradually, but 
when onoe thoroughly secured is of unr 
limited value to its possessor. 

The gas-engine operator should try to 
train his ears in this same way, for by so 
doing he will undoubtedly be able to save 
serious damsage to the engine by antici- 
pating the breaking of some part, and 
the consequent serious damage to the en- 
gine. Not only this, but by 'training his 
ear to gauge the proper running noise of 
the engine he will be able to secure at all 
times the full power of the engine and at a 
minimum fuel consumption. 

It is sometimes amusing to see the en- 
gine operator, when an expert arrives from 
the factory in response to calls for assist- 
ance to straighten out difficulties with an 
ejigine. The expert can often tell merely 
by the noise the engine is making just 
where the trouble is, and (the engineer who 
has been looking all over the engine and 
never paying any attention to what he 
might hear, is surprised that the trouble 
has been located so quickly, and he won- 
ders if the expert merely happened to hit 
the right thing the first time, or how the 



triok was done. He never dreams that the 
ear nuay tell many things about a gas 
engine. 

For instance, in the case of a hit-and- 
miss engine, one not infrequently hears 
. one of these engines exhaust with a bang, 
bang, bang, for ten or fifteen successive 
times and then cut out one or perhaps two 
and then exhaust again perhaps fifteen or 
twenty times. If the explosions have the 
quick, sharp sound showing that the charg- 
es have been of the proper mixture of 
gas, or gasoline and air, and have been 
ignited under a strong compression, we 
can tell a/t once that the engine is pulling 
almost its utmost capacity and is therefore 
likely to get very hot, possibly causing 
premature explosions, and that its general 
running may not be sa/tisfaotory for the 
reason that it is operating under too great 
a load. Although the efficiency of the en- 
gine may be greater at that condition of 
full load there is no doubt but what the 
continual strain of the engine will short- 
en its period of usefulness as well as ren- 
der it necessary to watch continually the 
engine, to keep it in proper condition. 
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For if but a single charge fails to ig- 
nite, the load will pull the engine down 
and stop it before it has a chanoe to re- 
cover itself. And if any part wears a lit- 
tle so as to interfere with the proper tim- 
ing of (the other parts, the engine will not 
pull its load. The water in the cylinder 
jacket will get. exceedingly hot, and if too 
small a quantity of water is used with a 
gravity system of circulation, the water 
may turn to steam and the engine pisiton 
begin to expand and stick in the cylinder. 
This condition of things does actually ex- 
ist in many places, owing either to having 
failed to get an engine of sufficient size, 
or else to having added other machinery 
which has overtaxed the capacifty of the 
engine. Unless absolutely unavoidable, 
an engine should not be run under condi- 
tions where it can not cut out one charge 
in at least every ten or a dozen. This 
gives the engine an opportunity to recover 
itself if by any chance a charge should 
fail to explode. It also allows the engine 
to run a little cooler in case a small 
amount of water is used for cooling pur- 
poses. And the strain on the engine gen- 
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erally is by no means as great, so that its 
life ie considerably prolonged and the in- 
creased fuel consiunption is so slipjht as 
to be hardly nofticeable. 

Again, how many of ns have heard an 
engine exhaust normally for several times, 
then miss one or two, and then follow with 
a terrific explosion, which seemed to tear 
the whole place up? The writer recently 
saw a letter from a man whose engine was 
doing this very thing and he asked wheth- 
er fthe engine was likely "to do itself or 
anyone around it any harm." The man 
who does not know the cause of this con- 
dition is terrified by fear that the engine 
will do considerable damage to life and 
property. As a matter of fact this is 
usually one of the easiest difiieulties about 
a gas engine to overcome. The remedy is 
in either one or both of two places. The 
trouble is caused by the fact that one or 
more charges are not ignited in ithe cyl- 
inder, but are exhausted into the exhaust 
pipe unexploded. The exhaust flame from 
the next succeeding charge which is ig- 
nited fires the live charge in the exhaust 
pipe, causing the terrific explosion which 
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k so startling to the average person who 
does not know its cause. The only damage 
that is done, however, is sometimes to 
crack an exhaust pot, break the muffler 
plates, or blow down a few bricks if the 
end of the exhaust pipe has been carried 
into a chimney flue instead of clear 
through it to (the top. The exhaust pipe is 
strong enough to withstand these explo- 
sions so that the danger of injury to 
property or life is very, very small indeed. 
One of the causes of these explosions is 
that for some reason or other the igniter 
does not work properly. The battery may 
be weak and give a spark only occasion- 
ally, or may give a spark which is so weak 
that it does not always ignite the charges. 
Or the mechanism of the igniter may be a 
little out of ladjustmenit, so that the igniter 
points do not always come into contact, 
or the points may be partially corroded 
and insulated. If a tube igniter is used the 
burner flame may flicker this way and that 
and not keep /the tiube at the proper heat 
at all times. In other words, if, for any 
reason, the igniting mechanism is out of 
adjustment or weak, so that every charge 
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ivj not ignited in the cylinder, these pipe 
explosions will result. 

The other cause of this condition is 
partially atarving the engine ; i. e,, giving 
it too little fuel for each individual 
charge. As has been explained before 
in the previous chapters, if a mixture of 
gas or gasoline vapor has too small an 
amount of gas or gasoline as compared 
with the air, it makes a very weak mix- 
ture and after a certain propontion is 
reached the mixture will not be ignited by 
the electric spark or other igniting mech- 
anism. Accordingly the charge is ex- 
hausted unexploded, but a portion of it 
remains in the cylinder, instead of burned 
gases or fresh air remaining in the com- 
bustion space as is »the case immiediately 
after a charge has been exploded. Perhaps 
two or three of these charges are then 
exhauBited unexploded and finally that 
portion remaining in the cylinder enriches 
the new charge to such an extent that it 
is possible for ignition to. occur. When 
this charge is exhausted, the flame ig- 
nites the live charges in the exhaust pipe 
and the pipe explosion results. As the 
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flame from the exploded charge is much 
larger and hotter than the electric spark 
or 'the hot tube, it ignites the charges in 
the pipe, whereas they were not ignited by 
the smaller flame or* spark in the cylin- 
der. When the gasoline engine operator 
once understands these causes of pipe ex- 
plosions, his ears always tell him when it 
arises and he at once investigates the ig- 
niter and device for regulating the supply 
of fuel, and finds the cause of the trou- 
ble, instead of being scared out of his 
wits and not doing anything. Using his 
brains in conjunction with his ears thus 
enables him to adjust his engine quickly, 
and thereby not only add to the life of the 
engine, but prevent it from giving unsat- 
isfactory service, as well as from using 
or wasting an excessive amoun/t of fuel. 
Sometimes hit-and-miss engines will 
fire once, then cut out six or eight charges, 
fire again and cut out six or eight, and so 
on. Investigation may show that the en- 
gine is being run at a very high speed 
and is, of course, carrying a very light 
load. If this load is the maximum that 
the engine is called upon to carry, it will 
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often be found better to reduce the speed, 
which results in less wear and tear on the 
engine. If at any future time more load 
is added the speed can then be increased. 

One often hears an engine making an 
exhausit which sounds like the last cough- 
ing of a dying dog. That is, it soimds 
as though the explosion had been very 
weak and did not give a strong, sharp, 
quick "bark" which a proper mixture 
gives. This may be due to wrong fuel 
adjustment, and while it does no harm to 
the engine it is the result of an improper 
mixture of gas or gasoline and air and 
therefore means that the consumption of 
fuel will be high for the amoimt of power 
developed. Of course, the muffling of the 
exhausit has much to do with the sound 
resulting, but when the exhaust is free and 
in most cases even where it is muffled, 
much can be told of whether the engine is 
working under proper conditions by the 
noise resulting. 

The noise or clicks made by the moving 
parts of an engine are also indicaitors in 
many oases to the ear of the practiced en- 
gineer, of whather the engine is in prop- 
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er adjustment. Pounding in the engine is 
a thing which indicates, under ordinary 
conditions, to the operator that there is 
something out of adjustment. Perhaps 
the boxes on one or both ends of the con- 
neoting rod need taking up. This, of 
course, should be done properly as soon as 
it is required. In many eases an engineer 
will look for a long time trying to locate 
a knock in an engine cylinder or the rod 
boxes, and will eventually find that it ifl 
due to the key in a flywheel being loose. 
The noise from a loose key is often such 
that it sounds exactly as though it was 
made within the cylinder and due to a 
loose piston. Of course, when the piston 
is too loose and causes a knock, about the 
only remedy is to fit a new piston to the 
cylinder. If the looseness is the result 
of long-continued wear (the cylinder will 
probably have to be rebored before it 
can be put inito a fit oonditon to receive a 
new piston. If the knock is caused by a 
loose key in the flywheel, the wheel should 
be tightened at once. The writer once 
knew of a case wliere an engine was re- 
ported to be pounding amd the parties said 
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that they could not locate it. It was 
finally found by an engine expert to be in 
a loose flywheel. Why the wheel had not 
come oflF seemed almost a miracle for the 
keyway was literally chewed by the key 
until it was nearly double its original 
width. The source of the trouble was lo- 
cated in the igniter which had been al- 
lowed to get out of adjustment and oper- 
ate too early. This caused the engine to 
fire against itself, but the monienitum of 
the flywheels carried the engine on al- 
though there was a terrific strain on the 
flywheel hub and the crankshaft. In fact, 
it was a wonder that ithe crankshaft had 
not broken from the strain put upon it. 
This particular case was an instance of 
where an engineer had failed to use his 
eyes, ears, or brains. He, of course, had 
continual trouble with the engine, and, 
of course, thought the engine was to blame. 
I recently learned of a prospective pur- 
chaser of a gas engine who had called at 
an elevator where a gas engine was in use. 
He made inquiries as to how they liked 
their engine and was told that no ordinary 
man ought ever to tackle any kind of a 
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gas engine; that they required too much 
specialized knowledge for anyone of ordi- 
nary intelligence to be able to run one suc- 
cessfully. If these people should happen to 
see some men, whom they would be apt 
to put in the class of men who have the 
very least amount of technical or common 
education or intelligence, and would see 
this class of men successfully taking care 
of gas engines, they would be obliged to 
admit that either «their own intelligence 
was exceptionally poor in quality or else 
that they were mistaken in their views. 
It is an undeniable fact that there are 
many men absolutely devoid of what is 
asually called intelligence, and yet who 
are able to operate gas engines without 
trouble. As one southerner said: "There 
is an old negro near here who never has 
a bit of trouble with his engine and he 
hasn't any brains at all, yet he gets along 
all right." We must therefore admit that 
technical or specialized intelligence is not 
always necessary. It undoubtedly is nec- 
essary with some of the more complicated 
engines, and yet a good quality of judg- 
ment and common sense is more impc»rtant 
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in the successful operation of a gas engine 
than any other one thing. Without this 
the engineer is bound to have trouble, no 
matter how technical his eduoatioa- may 
be. Buit when, to this trait of good com- 
mon sense and judgment is added a>me 
technical knowledge of the principierj of 
operation of a gas engine, the operator be- 
comes all the more capable of getting the 
very best results from his engine. 
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Plan, gasoline erection 11 

Plan, gas erection 18 

Plan for connecting engine with batter) and lighting 

circuit 41 

Pound caused by early ignition 57 

Pound 107 

Renewing battery 43 

Smoky exhaust 29,95 

Starting, when engine is cold. 20 

When engine is warm 20 

Failure in, causes of 17 

Flooding when 17 

stopping, cause of engine 

Check valves reverse*! 10 

Dirt in feed mechanism 9 

No gasoline in t«»nk 6 

Trouble in gasoline pump 8 

Trouble in gasoline suction pipe 7 

Water in gasoline 9 

Throttling engines 26.28,33 

Time, importance of 49 

Proper, of ignition 51,58 

Wrong, of fuel valve 50 

Tube igniter 37 

Tube igniter, causes of ailure of 38 

Water in gasoline, how to detect 9 

Water jacket deposits 68 

Wipe spark Igniter 36,46 
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Bow to Build a Cbm-j*j* 
Borsepower Drnicl) engine 

With a Full Set of Working Drawings and 

Explanatory Text for the Construction 

of a Small Gasoline Marine Engine. 

By E. W. RoBBBTS, M. E., 

Author of the Gas-Engine Handbook, Etc. 

This work describes the construction of a 
practical gasoline engine of a size suitable for 
actual service and adapted to launches of from 
20 ft. to 25 ft. in length. There is nothing 
amateurish about this design, nor is it of the 
variety usually gotten up for amateurs which, 
when constructed, turns out to be nothing 
more than a toy. No attempt has been made 
to design a "cheap engine." While the con- 
struction is such that it may be built with the 
tools. usually found in the average machine 
shop, the latest developments in gas enginery 
have been followed closely and the engine is 
thoroughly up to date. Nearly all the machine 
work may be done in a lathe and no piece ex- 
cept the flywheel, which is 18 inches in diame- 
ter, requires a swing of over 16 inches. 

The engine has an enclosed crankcase, bal- 
ance weights on the crank-webs, and an ad- 
justable ignition device, by means of which the 
time of the spark may be altered to suit the 
speed of the engine. The latter arrangement 
l8 an absolute necessity for getting the best 
results out of a gas engine, and the engine 
speed may be controlled by this device. 



The extreme height of the engine from the 
center of the crankshaft to the top of the 
cylinder head Is 20 inches and the height over 
the priming cup Is 22% Inches. Its total 
weight is about 450 lb. including the flywheel. 
The engine is rated at three horsepower at 350 
r. p. m., but it is capable of giving nearly four 
horsepower at this speed. 

One of the features of this design is the 
manner is which the pieces are numbered. For 
instance, piece K-13 Is an igniter electrode, and 
the number signifies that the detailed drawing 
of the piece may be found on Sheet K, while 
its order, In reading the sheet from left to 
right and from top to bottom, is No. 13. All 
pieces are fully detailed and every dimension 
Is plainly marked In inches. This will avoid 
the confusion which Invariably results from a 
portion of the mechanism being drawn assem- 
bled only. 

This engine Is designed strictly according 
to the rules and formulas laid down In the 
Gas-Englne Handbook, and Is sure to prove an 
excellent companion for the latter. 

Price of book alone $3.50 

With Blue Prints 6.50 

Extra 5et5 of Blue Prints 4-50 

Send all orders to 

THE GAS ENGINE PUBLISHING CO , 
Ooodall Building, Cincinnati, O. 



Cbe Gd$ Engine 
ntdddzine* 

$tationary, 

marine, 

JiHtotitoDile. 

Devoted to the interests of an np-to-date power. 
Ulnstrated. 

• •• 

€aitea by €.01* Roberts, in«e. 



tbe Ga$ engine contains tbe latest news 

relating to tbe gas engine and 

tbe automobile. 



Special Teaftim. 

tf2<lifAt*ijl1< ^^^ editorials give a monthly 

* review of the gas engine situation 
in general. 



Special JlrtiCleS> special articles appear 

each month which deal 

with the gas engine and kindred subjects. 



Torcigw gorr<$poita<nc<> ^e have just 

made arrange- 
ments with a well-known expert in Europe to keep 
our readers informed on the latest developments 
across the Atlantic. 



TndttStrial ltm$. ^he industrial columns 
contain information re- 
garding new enterprises. 



JltttOmObne ReW$> This column gives se- 

lected items of news, 

relating to automobiles. 



TlU|llitiC$* T^^ inquiry column is at the 

— ^ service of our subscribers, and is 
one of the most valuable features of the magazine. 
All questions are answered carefully and in full. 



The gas engine is, without a shadow of doubt, the 
power par excellence of the Twentieth Century. 
Engineers and mechanics, the world over, are study- 
ing its developments with interest. The Gas Engine 
is the only publication in the English language de- 
voted to this subject. It will keep you informed, 
and at the insignificant outlay^of $i.oo each year for 
the twelve issues. Send for a sample copy to THE 
GAS ENGINE PUBLISHING CO., Goodall Build- 
ing, Cincinnati, Ohio. 



■OV Any of the following books will be mailed on 
receipt of price, by the 

GAS ENGINE PUBLISHING CO., 

Goodall Building, Cincinnati, Ohio, U. S. A. 

Amerloan Automobile Manual. A new, revised 
and increased edition of the standard work on the 
subject. All the systems clearly and impartially 
described by pen and picture. Rules and regula- 
tions concerning the operations of Automobiles. 
Heavy paper, pocket size, flexible leather. Marbled 
edsres. 105 il $1.00 

BramweU, Clarence G. Construction of a Gaso- 
line Motor Vehicle. 149 pp., 8u ill., cl., 8vo $2.00 

This work Is a reprint of a series of articles which 
appeared originally in the Motor Review. There are 
fourteen chapters, eight of which are introductory 
and describe the principles of operation of gasoline 
engines, methods of mixing fuel and the air, meth- 
ods of ignition, relative eflSciency of transmission 
devices and elemeut9 of power. The last six chapters 
give a description in detail, with working drawings, 
of the construction of a gasoline engine and the ve- 
hicle itself. The vehicle shown has been built and 
run for some time, and is said to have given satisfac- 
tion. 

Clerk, Dugald. Gas and Oil Engines. 8th ed.* 
12-1-558 pp., rev. and enl., cloth, 8vo $4.00 

This is the earliest comprehensive English work on 
the gas engine. Principally historical and descrip- 
tive. Very little descriptive matter relating to Amer- 
ican engines is contained in this work, but the for- 
eign engines are fairly well described up to the time 
of publication. Details of the Clerk engine, the first 
two-cycle engine of consequence, are given in this 
book. No gas engine library should be without it. 

Clerk, Dugald. Theory of the Gas Engine. Re- 
printed from Van Nostrand's Magazine. 2d ed., 
with additional matter, ed. by F. £. Idell. 180 p., 
bds., 12mo 50c. 

A theoretical consideration of the gas engine cvde, 
in which the author explains fuUy his theory of dis- 
sociation. 

Donkln. Bryan, Jr. Gas, Oil and Air Engines. 
Sew third ed., rev. and enlgd. 24-1-501 p., ill. Cl. 
8vo ... $7.50 

This work is similar in many respects to Clark's 
" The Gas and Oil Engine.*' It is, however, larger 
and more comprehensive. The author is the en- 
gineer for a firm of English gas-engine builders. 
The tables of data are alone worth the price of the 
book. 



Elliott, A. G. (Ed.). Gas and Petroleum Engines. 
Trans, and adpt. from the French of H. de Granxny. 
lO-f-140 p., 52 ill. CI. 8vo 75C. 

This work is one of Whittaker's Mechanical Series 
and contains chapters on the history and principles 
of operation cf gas engines, being principally de- 
voted to*engines of foreign makes. It also contains 
chapters on fuel-gas generators and the operation by 
them of gas engines. A final chapter treats of the 
care and maintenance of gas and oil engines. 

Goldlng, Henry A. The ThetaPhi Diagram, prac 
tically applied to steam, gas, oil and air engines, 
6+1-H27 p., il., 12mo $1 26 net. 

A full exposition of the entropy diagram and its 
practical application. The work is valuable to the 
students wno would take up the theoretical study of 
heat engines. 

Goldlngliam, Arthur Bugh. Design and Con- 
struction of Oil Engines; with full directions for 
erecting, testing, installing, running and repairing. 
13-f-196 p., cl., 8vo $2.00 

Contents : On Designing Oil EDgine&— Testing En- 
gines—Cooling Water Tanks— Oil Engines Driving 
Dynamos— Oil Engines Connected with Air Com- 
pressors, Water Pumps, etc.— Instructions for Run- 
ning Oil Engines— Kepairs— Various Engines De- 
scribed—Index. 

A comprehensive treatise on the subject of oil en- 
gines proper, giving excellent hints on their design 
and construction and formulas for the dimensions 
of many of the principal parts. This is the first and 
only work that deals exclusively with this subject. 
Many of the chapters are applicable to gas engines, 
and the work will be found a valuable one, especially 
for the designer. 

Goodeve, T. M. Textbook on Steam Engine, with 
a supplement on the gas engine. 12th ed., enl.. 143 
p., if, 12mo $2.00 

One of the earliest works on this subject, and con- 
taining a comparison of the Otto engine with the 
Lenoir engine. 

Grover, Frederick. Practical Treatise on Mod 
em Gas and Oil Engines. 3d ed., 372 p., il. d lagrams 
cl., 8vo $2.00 

The third edition has been enlarged by the addi- 
tion of chapters on gas engines, efliciency, etc. 

Harmswortli. Alfred Ghas., and Thompson, 
Henry, and others. Motors and Motor Driving 
(Badminton Library of Sports). 456 p.. 11., 8vo. ; ol., 

$8.60: hf.mor., $6.00 



Hasluok, P. N. Automobile: Its Construction 
Aud Management. Translated from the French of 
G. Lavergne. Rev. and enl., 624 p., 536 il., 8vo.$4.0O 

HlBCOX, Gardner Dexter. Gas, Gasoline aud Oil 
Engines. An up-to-date book on the subject of ex- 
plosive motive power, luth ed., reset, rev. and enl. 
7-i-8-|-411p,312il. diag.,8vo $2.00 

This book treats of the theory and practice of gas, 
gasoline and oil engines, as designed and manufact- 
ured in the United States. It also contains chapters 
on horseless vehicles, electric lighting, marine pro- 
pulsion, etc. 

HlBCOX, Gardner Dexter. Horseless Vehicles, 
Automobiles and Motor Cycles, operated by steam, 
hydro-carbon, electric and pneumatic motors. 459 
p., 315 il., cl., 8vo $3.00 

A work descriptive of many American vehicles and 
a few foreign productions. Its value lies principally 
in its historical and descriptive features. 

Homans, James Edward. Self -Propelled Vehi- 
cles: A practical treatise on the theory, construc- 
tion, operation, caie and management of all forms of 
automobiles. 626 p , 50011., 8vo $0.00 

The book gives the essentials of construction and 
many important points on the successful operation 
of the various types of motor carriages driven by 
steam, gasoline and electricity. 

Jenkins. Rhys. Motor Cars and the Application 
of Mechanical Power to Road Vehicles. 372 p., 100 11. 
8vo Net, $0.00 

Beginning with the first steam carriage invented by 
Cugnot in 1770, the volume follows the progress 
made in invention of mechanical power applied to 
road vehicles up to and including the present auto- 
mobile. 

Laversne. Gerard. Automobile: Its Construc- 
tion and Management. Trans, from the author's 
" Manual theoretique et pratique de I'automobile 
sur route." Rev. and enlg. with additional matter 
by P. N. Hasluck. 634 p.. 586 il. 8vo . . . . $4.00 

Lleckfleld, G. Practical Handbook on the Care 
and Management of the Gas Engine; authorized 
translation by G. Richmond, with instructions for 
running oil engines. Third ed., 14+103 p., illustd. 
16mo $1.00 

This work contains a number of practical hints on 
the operation of gas and oil engines. The instruc- 
tions are applicable principally to the Otto slide- 
valve gas engine and the Homsby-Akroyd oil en- 
gine. 



Lleckfeld, O. Die Petroleum und Benzlnmo- 
toren, ihre Entwicklung, Konetruktion und Ver- 
wenduDg. 19D1. 297 p., 8vo. Second ed., 188 Illus- 
trations. 

Lookert, Louis. Petroleum Motor Cars. Transl. 
from the Frencb and profusely illustrated with 
diagrams. 234 p. CI , 870 $1.60 

Principally devoted to foreign vehicles, although 
some American types are shown. Not only gasoline 
vehicles, but those using steam with petroleum for 
fuel are treated. Two interesting chapters on the 
use of acetylene in gas engines complete the work. 

Maxwell. H. B. Electric Ignition for Gas, Gas- 
oline and Oil Engines. With working drawings for 
successful devices, both secondary or jump-spark 
and primary or hammer break spark, that infringe 
no patents and are free to be used by all. Oblong 
pamp. II $1.00 

Mecredy, B. J. The Motor Bicycle. Its mechan- 
ism, and how to manage it 

The de Dion Voiturette. Its mechanism, and how 
to drive it. Second edition 

The Daimler Motor. Its mechanism, and how to 
drive it 

Mower, Charles Drown. How to build a motor 
lannch. 48 p. il $1.00 

A simple story of how to do the work from start to 
finish, profusely illustrated with plans and sketches. 
Any person with the slightest mechanical knowledge 
and skill can construct a serviceable and good look- 
ing boat from this book 

Norrle, H. 8. Induction coils and coil making. 
2d. ed. 270 p.79ii.cl. 12mo $1.00 

The second edition has been entirely rewritten and 
enlarged and brings the subject up to the latest 
American practice. 

Norris, Wm. Practical treatise on the Otto-Cycle 
gas engine. 8+260 p. il. cl. 8 vo $8.00 

This work is an excellent companion to that of 
Qrover. It contains much practical Information on 
the design of Gas engines, and is in this respect the 
peer of any English work on the subject. The chap- 
ters on design are seventeen in numt)er and wul 
prove themselves exceedingly useful to anyone tak- 
ing up this phase of the subject. 

Parsell, Henry V. A., Jr . and Weed, Arthur J. 
Gas engine construction. 2d ed. enl. S92 p. 140 il. 
8vo $2.5© 

This work 5s principally devoted to a description 
of the construction of a model one-half horse-power 
gas engine. Each operation Is carefully described and 



illustrated by half-tones taken while the piece of 
work was in the lathe. 

Book treats of the subject more from the stand- 
point of practice than that of theory. The principles 
of operation of gas engines are clearly and simply 
described and the actual construction of a half-horse 
power engine is taken up. Has bibliography and 
index. 

Perry, Jolin. steam, Gas and Oil Engines ; a book 
for the use of students who have time to make ex- 
periments and calculations. 8+646 p. cl. 8vo., 

$3.26 net 

A book on the experimental and theoretical side 
of the subject, principally for students, containing 
plans, figures, etc. 

Popplewell, W. C. Elementary Treatise on Heat 
and iieat Engines. Specially adapted for engineers 
and students of engineering. II., cl., 12mo. . . $3^00 

Beeve, Sidney A. Thermodynamics of Heat En- 
gines, including steam tables. II., 12mo. $2.60 net 
Table, 35c. net 

The first, or theoretical, part of this work is devoted 
to the general principles of thermodynamics as ap- 
plied to matter iu general, and then to the cycles of 
steam engines, gas engines, hot air engines, and re- 
frigeration machines. The author sets forth with 
accuracy and clearness the various features of the 
most advanced thermodynamic treatment of the the- 
orv of heat engines and refrigerating machines. 

In the second part the author applies the theory 
established iu the first to the proportioning of the 
cylinders and other main portions of steam, gas and 
hot air engines in such a way as to bring out clearly 
the chief characteristics of those machines. The 
conditions under hich the greatest efficiency may 
be expeected are determined. Clearance, lead, con* 
densation in the cylinder, steam jackets and other 
controlling influences upon the satisfactory opera- 
tions of heat engines of various types, including the 
considerations leading to the compounding or mani- 
folding of the cylinders oP steam engines, are fully 
treated. The work is accompanied by a separate 
volume of steam tables. 

Roberts, B. W. On marine motors and motor 
lauuches. ... $1.00 

This work is principally devoted to a description 
of the principles of operati(»n of marine gasoline 
engines and how to iiandle them. The book also 
contains a chapter on the common properties of 
gasoline and one on the choice of an engine. 

The book is a reprint of the excellent articles con- 



tributed to the Rudder duriDK the year 1900 and 
which attracted the attention of gaR engine builders 
and gas engine users throughout the world. Every 
motor boatman should have a copy. It will save him 
money, time and bother. 

Roberts, B. W. How to build a Three- Horse 
Power Launch Engine. II. 4to, cl. Gas Eng. Pub. 

Co $2.50 

With blue points $6 50 

This work is designed for those who desire to build 
their own engine, and at the same time have it up-to- 
date in all respects. The engine is designed strictly 
according to tne rules and formulas laid down by 
the author in his Gas Engine Handbook, and illu- 
strates the pleasing proportions resulting from the 
use of those rules. The engine is of the four-cycle type, 
which is the easiest for an amateur to construct with 
success. It is intended for driving a launch from 20 
to 25 ft. in length. All parts are fully detailed and 
the construction of each is carefully explained. 

Bobinson, William. Gas and Petroleum Engines; 
a manual for students and engineers, Second ed. 
complete, rewritten. 2 vols. 9-1-942 p. 474 il. 3 plates* 
8vo $8.50 

Stritmatter, Albert. Gas Engine Troubles and 
Remedies. 105 p. Gas Engine Pub. Co. . . $1.00 

TbompBon, Sir Henry. Motor-Car and Elementary 
Handbook on its Nature, Use and Management. 112 
p., il., gilt top, r2mo $1.00 

Wallis-Tayler, A. J. Modern Cycles, a practical 
Handbook on their construction and repair. 300 il.. 
cl.,8vo. $4.00 

Book will prove a valuable guide for all those who 
aspire to the manufacture or repair of their own 
machines. A most comprehensive and up-to date 
treatise, entitled to rank as a standard work. 

Wallis-Tayler, A. J. Motor-Cars or Power Car- 
riages for Common Roads ; with numerous illustra- 
tions. 200p. cl. 8vo $1.80 

Book is clearly expressed throughout and is just 
the sort of a work that an engineer, thinking of turn- 
ing his attention to motor-carriage work, would do 
well to read as a preliminary to starting operations. 

Warwick, B. P. Gas Engine, how to make and 
use. Cl. 16mo 75 cents 

This little work devotes considerable space to the 
history of the gas engine and the description of vari- 
ous American engines, while two chapters describe 
the design and construction of the Warwick engine, 
lustrating the design with diminished sketches. 
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